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0. EXECUTIVE SUMMARY

1. INTRODUCTION

1.1. BACKGROUND

Tackling climate change and improving energy ety are two of the major challenges cur-
rently facing transport policymakers around theldionn this context, the development and in-
troduction of EFV’s as well as renewable fuelsthremain fields of action. This issue concerns
us all: the government, the industry, the reseamhmunity and the consumers. Nobody can
and must shirk from the responsibility for protagtihealth and tackling climate change espe-
cially with regard to safeguarding the life suppgyrstems for future generations.

The presentations and discussions at th&€BV Conference in Dresden as well and at previous
conferences in Tokyo (2003) and Birmingham (20G5vell as in WP.29 have shown that we
can only jointly meet the current challenges. Phesentations and the conclusion paper of the
Dresden conference are available on the websikedéral Ministry of Transport, Building and
Urban Affairs fttp://www.bmvbs.de/g8-2007The essential results of th& EFV Conference
are the following:

The United Nations expect that between 2000 and 268 global vehicle population will
double from 800m to 1.6 billion vehicles. Givemstgrowth it is essential to take action now
to achieve a greater use of EFV’s and advancecdhtéatjes.

In an integrated approach, all road transport pkapave to be involved in the reduction of
CO, and pollutant emissions and where possible teahmeutral approach should be fol-
lowed. Increasing the use of environmentally filignand sustainable alternative energy
sources like for example advanced biofuels (biajdsoethanol, biomethane, synthetic bio-
fuels) or renewable hydrogen and electricity ameof the essential fields of action.
Measures to support the introduction of EFV’s stidug¢ based on a common understanding.
This means that we jointly should develop a glgbaArmonised method for evaluating the
environmental friendliness of a vehicle taking intmsideration regional differences.

In developing an evaluation method, focussing gotel the vehicle will not yield the re-
quired results. Rather, the development has toalsed on a holistic approach. Energy con-
sumption and the emission of greenhouse gasestbdeevaluated on the basis of an inte-
grated?well-to-wheels approach which comprises both the preceding fumligion chain
(2well-to-tank) and the fuel use in the vehiclésahk-to-wheel). In the long run, the pos-
sibility of an extensive lifecycle evaluation, whi@lso takes into account the following is-
sues development - production - use - disposaébicles, should be examined as well. This
should be further developed beyond the vehicleyidte considering also interfaces like ve-
hicle and energy supply infrastructure, driver ‘higke interaction (e.g. ITS) and other ele-
ments in an Integrated Approach.
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It is recommended to have a close cooperation thighWorld Forum for Harmonisation of

Vehicle Regulations (WP.29) of the United Natiom$Seneva (UN-ECE).

Future EFV Conferences is to be held every two sy@ad should focus on the following

ISsues:

- status report regarding the set goals,

- exchange of experiences with regard to ongoing ureasfor promoting / introducing
EFV’s,

- exchange of experiences and problem analysis rieggtide legal and economic frame-
work,

- regular status report to the G8-Leaders (accorttirige decision at Heiligendamm).

1.2. OBJECTIVE OF THE EFV INFORMAL GROUP

To continue a fruitful cooperation between WP.29 #me future EFV conferences, as parallel
activity an informal group under GRPE was establishin a first step the task of the informal
group is to prepare a review of the feasibilitytlod proposed EFV concept (evaluation method,
holistic approach). Taking the idea of world witkrmonization into account, the applicability
of the EFV concept needs to be considered foregjions of the world. Therefore following
work packages are foreseen:

The available literature and concepts, includimgutations and standards, shall be screened
and analysed.

In a first step mainly energy efficiency and £énissions is considered and assessed on the
basis of an integratéavell-to-wheel3 approach.

The feasibility of the successful development dfaamonised evaluation method should be
examined and assessed.

The EFV concept requires an involvement of the emwironmental GR groups of WP.29:

GRPE (pollutant emissions, fuel consumptionfCénd GRB (noise). In addition assistance is

needed from further experts i.e. those dealing with to wheel aspects.

1.3. PREPARATION OF A FEASIBILITY STATEMENT

- Feasibility study limited to vehicles of categorl 1Special Resolution No. 1)

- Introduction concerning chapter 3.

- General introduction concerning the important dsscon about the target groups (govern-
ments, industry, consumers) of the evaluation goinaed the allocated purposes. This will

include a brief description of "EFV measures”.

- Aspects for the development of an evaluation con@ejteria, tools, SWOT).
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- Development of the concluding feasibility statement

< further input expected >
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2.

2.1.

2.2.

DEFINITIONS
ENVIRONMENTALLY FRIENDLY VEHICLE
Common definition of EFV does not exist.

The term EFV as well as EEV (...), green vehict®-ear, etc. is often used in the context of
regulations, assessment concepts and environnmeataures.

The Term2environmentally friendl shall not be used according to ISO 14021 (seg.3.9.
Section 5.3 (Terms and definitions) of ISO 1402 ok

"An environmental claim that is vague or non-sgeaif which broadly implies that a prod-
uct is environmentally beneficial or environmentabenign shall not be used. Therefore,
environmental claims such as "environmentally safehvironmentally friendly”, "earth

friendly”, "non-polluting"”, "green”, "nature's fne" and "ozone friendly" shall not be used."
This point was incorporated in the internationahstard to avoid the misuse of unsubstanti-
ated environmental claims for advertising and miamkepurposes.

The reason for this ISO rule is that environméytalendly is a very comprehensive and
bold statement that is not likely to be justifiabliemight be the case that e.g. a vehicle has
lower NO, emissions than another vehicle during its lifeginilowever, ‘environment’ is
much more than NQemissions and need to take into considerationalser relevant items
as for example C&emissions or heavy metals. In consequence, a echaling lower CQ
emissions might be identified as a low-&€nission-vehicle but not necessarily “environ-
mentally friendly”. ISO requires a specific, notgteiading terminology.

LIFE CYCLE ASSESSMENT (LCA)

Life Cycle AssessmentLCA) is a method detailed in ISO 14040/44 to compild amaluate

inputs, outputs and the potential environmentalaatg of a product system throughout its life
cycle. The life cycle consists of all processespeetively consecutive and interlinked stages of
a product system, from raw material acquisitiorgeneration of natural resources to final dis-
posal. Thus the scope goes beyond a well-to-wdqg@ioach as — for the case of vehicle LCAs —
covering not only the generation of fuels to ite usvehicles but also the generation of all mate-
rials needed to produce a vehicle to its final eftife vehicle stage [1].
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2.3. WELL TO WHEEL (WELL TO TANK, TANK TO WHEELS)

Well to Tank (WTT)evaluations account for the energy expended andsbeciated GHG emit-
ted in the steps required to deliver the finisheel into the on-board tank of a vehicle. They
cover the steps extracting, transporting, produeimg) distributing the finished fuel [2].

The Tank to Wheels (TTWevaluation accounts for the energy expended andaskeciated
GHG emitted by the vehicle in the reference driveggle [2].

Well to Wheel (WTW)evaluations account for the energy expended aadsisociated GHG
emitted in the steps fuel production (Well to taakyl vehicle use (tank to wheel) [2].

2.4, FUEL EFFICIENCY, FUEL CONSUMTION, ENERGY USE

< further input expected >

2.5. ENERGY EFFICIENCY

Efficiency is the ratio of the output to the input [3]. Emeefficiency refers to products or sys-
tems designed to use less energy for the samegbethperformance than regular products or
systems [4].
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[ Ratio of energy output of a conversion processf@ system to its energy input [5]. ]
[ Conversion ratio of output and input energy oémgy production technologies and end-
use appliances. The lower the efficiency, the nemrergy is lost [6]. ]

2.6. ENERGY MIX

Energy mixis the combination of coal, oil gas, nuclear hydimmass & waste and other renew-
ables chosen to respond to the energy demandxakspde the mix for the European energy use
is shown:

2003 = Coal 2030
s 4% 05% _ il ¢ 13%
W Gas
Muchear
Hydro

B Biomass & Waste

Other Renewables

1736 2 048 Mtoe

Fig. 2.6-1 Energy mix for EU.

Resource availability is influencing the sharehis tcombination of each energy sources.
For Example: Energy for Electricity Generation

Energy for generation of electricity is primarilypplied by the fossil fuels of coal, oil and natu-
ral gas, nuclear energy, hydro electric power, anwde recently, the emergence of large wind
and multi megawatt scale photovoltaic applicatiorBolitical and economic drivers are the
forces that have determined what mix of these @nergpurces we utilize.

Electricity generation worldwide is currently doratad by the combined energy from the fossil
fuels coal, oil and natural gas (Figure 2.6-2).plReing these sources with sustainable sources is
an enormous challenge. Sustainable options areohyolwer, wind, and solar, either as solar
thermal power plants or as photovoltaic power. pAdsent wind energy is a rapidly growing
contributor to electricity generation with annuaktalled capacity figures still increasing by
about 30% per annum. Total world installed windegation capacity exceeded 100,000 MW in
the summer of 2008, but even this leaves wind sl although important and growing over-
all contributor. As oil and coal prices increage economics of wind power improve and the
wind industry will continue to grow at high ratesr the foreseeable future. Some regions of

updated 08/04/2009 10



Germany have 20% to 30% of their electricity prdduc from wind machines. Wind power
production will become a larger and larger playeworld electricity generation, and wind's pre-
sent growth rate is limited by the number of mantifeers and their annual production capacity.
The percentage of wind generation that a grid ecgpart is also limited by conventional grid
designs, but with pumped storage and other reaptveer controls, wind penetration into grids
could be increased.

Biomass & waste: 62%
Wind: 22%
Geothermal: 1528
Salar: 1%

Tide & wave: 0%

Renewables 756 Excluding hydra

Hydro 163

- Renewables
- Hydro

Muclear

. Gas

Cral 405

Muclear 16%

Gas 20% il 73

Fig. 2.6-2 World electricity by energy source (IEA 2004).

2.7. LIFETIME; USEFUL LIFE; LIFE CYCLE

Lifetime:

Lifetime of a vehicle is defined as the time fratart of usage until end of vehicle life.
The end of vehicle life depends on the individuatidion of the car owner whether the car
will be sold to other persons or markets or thevadirbe recycled according to existing leg-
islation. Therefore lifetime of a vehicle is alvgagn expert guess and can not be measured
or defined precisely [7, 8].
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Useful life:

Reference

Comment

Europe

European Union:

(EC) 692/2008 (Euro 5/Euro 6)

ANNEX VII

VERIFYING THE DURABIL-
ITY OF POLLUTION CON-
TROL DEVICES

(TYPE 5 TEST)

ANNEX Il
IN-SERVICE CONFORMITY

The whole vehicle durability test represents
ageing test of 160 000 kilometetaven on a tes|
track, on the road, or on a chassis dynamom
As an alternative to durability testing, a mat
facturer may choose to apply the assigned g
rioration factors from the following Tab.

For ISC checking vehicles are selected up
100.000 km.

to

USA

Code of Federal Regulations
(CFR):

PART 86 - CONTROL OF
EMISSIONS

FROM NEW AND IN-USE
HIGHWAY

VEHICLES AND ENGINES
(CONTINUED)

§ 86.1805-04

The full useful life for all LDVs, LDT1s an
LDT2s is a period of use of 10 years or 120,
miles, whichever occurs first.

For all HLDTs, MDPVs, and complete heav
duty vehicles full useful life is a period of ]

)
D00

y_
|1

years or 120,000 miles, whichever occurs first.

This full useful life applies to all exhaust, evay
rative and refueling emission requirements
cept for standards which are specified to only
applicable at the time of certification.

Manufacturers may elect to optionally certify
test group to the Tier 2 exhaust emission s
dards for_150,000 milet gain additional NOX
credits, as permitted in § 86.1860-04(g), of

DO
ex-
be

a
fan-

to

opt out of intermediate life standards as permit-

ted in § 86.1811-04(c). In such cases, usefu
is a period of use of 15 years or 150,000es,
whichever occurs first, for all exhaust, evapa
tive and refueling emission requirements exd
for cold CO standards and standards which

life

ra-
ept
are

applicable only at the time of certification.

For automotive LCA, EUCAR agreed to base the pagsecar assessments on 150.000 km.
However, it is common practice of OEMs to applyfeiént mileages in different vehicle
segments.

Life cycle:
Life cycle is defined as the consecutive and imeed stages of a product system, from raw

material acquisition or generation from naturabreses to final disposal [9].
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2.8. INTEGRATED APPROACH

Integrated approacimeans the adoption of a comprehensive strateggivimg all relevant
stakeholders (i.e. vehicle manufacturers, oil/Gwgdpliers, customers, drivers, public authorities,
etc.). The underlying assumption in support ofhsan approach is that improvements can be
achieved more efficiently by exploiting the synesgyof complementary measures and optimis-
ing their respective contributions rather than bguling on improvements in car technology
alone. An integrated approach would provide for:

- Greater potential for environmental benefit wherrenglements of the system are covered;
- Greater potential for the identification of the rmoest effective options;

- Policy coherence giving more scope for synergiesamidance of perverse effects;

- A fair distribution of the burden between differetkeholders.

The integrated approach implies building links water policy areas. Some of the measures
which would contribute to environmental benefitstahave the potential to enhance road safety.
Such synergies should be exploited. The integrapgaoach combines further developments in
vehicle technology with an increased use of alti&reafuels, intelligent traffic management,
changes in driving style and car use, and environatlg-related taxation. This requires part-
nership between the fuel industry, policy makersjells and the automotive industry.

2.9. SWOT ANALYSIS

The SWOT analysicombines an investigation of the strength, weaknepportunities, and
threats of a method. [Reference?]

[For the purpose to develop an EFV evaluation nuthlee SWOT concept can be used. SWOT
is based on appropriate criteria to check whethesd methods are comprehensive enough (envi-
ronmental aspects covered, system boundaries) Whilgg still applicable and realistic (data,
effort for application, comparability).]

< further input expected >
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3. EXISTING LEGISLATION, TOOLS FOR HOLISTIC APPROAEES AND AS-
SESSMENT CONCEPTS

3.1. REGULATIONS AND STANDARDS
3.1.1. JAPAN

3.1.1.1. TOP RUNNER PRINCIPLE

The 2Top runner approaéhhas been introduced in Japan in 1998 when revitiaglapanese
Energy Conservation Law and consecutive governrmogtihances. In summary, the Japanese
Top Runner uses, as a base value, the value @irtitieict with the highest energy efficiency on
the market at the time of establishing standardsudch products. Standard values are set taking
into account potential technological improvemeetding to better energy efficiency. The pro-
ducer is allowed to conform to the standarc?ayerage fleét all products should achieve this
level of energy efficiency performance after a @erttime frame. In case of non-compliance
after expiry of the given transition period, figstthe manufacturer of the product would be “ad-
vised” to ensure the product’s compliance in adramendation” issued to him by the Ministry
of Economy, Trade and Industry (METI). If the ncompliance continues, the manufacturer
will be challenged by a system of marking poor periing products and may potentially be pe-
nalised. If penalised, such sanctions would amaynto a maximum of 1 Mio. Yen, that is
some 7400 Euro. We are not aware of any pena#tse®d to date.

Compliant products may be labelled voluntarily unithe top runner approach. Therefore, label-
ling can vary between products belonging to theestargeted product group. 21 product groups
are targeted by the top runner in Japan includutgraotive applications.

The Japanese top runner focuses on the energytaspely. The approach does not restrict

market access for any product, whether the paaiguloduct meets the target standard or not.
The Japanese top runner mainly works with a “nanteshame” marking scheme.

3.1.1.2. EXHAUST GAS EMISSION

Tab. 3.1.1.2-1Exhaust Emission Limit — Gasoline and LPG fuellethicles.

[ TestMode® [ wnit | co | HC [ NOx | E [ NewModel [ Allprod./Imported veh.

New Short Term (Mean / Max)
PC 10-15 Mode glkm 0.671.27 0.08/0.17 0.08/0.17 - Oct. 2000 Sep. 2002

11 Mode gitest 19.0/31.1 2.20/4.42 1.40/2.50 -
Mini Com Veh 10-15 Mode glkm 3.30/5.11 0.13/0.25 0.13/0.25 - Oct. 2002 Sep. 2003

11 Mode gitest 38.0/58.9 3.50/6.40 2.20/3.63 -
Light CV 10-15 Mode glkm 0.671.27 0.08/0.17 0.08/0.17 - Oct. 2000 Sep. 2002

11 Mode gitest 19.0/31.1 2.20/442 1.40/2.50 -
Medium CV 10-15 Mode glkm 2.10/3.36 0.08/0.17 0.13/0.25 - Oct. 2001 Sep. 2003

11 Mode g/test 24.0/38.5 2.20/4.42 1.60/2.78
New Long Term (Mean / Max) NMHC
PC 1.15/1.92 0.05/0.08 0.05/0.08 - Oct. 2005 Sep. 2007
Mini Com Veh 10-15 Mode g/lkm 4.02/6.67 0.05/0.08 0.05/0.08 - Oct. 2007 Sep. 2008/ Sep. 2007
LCV + 11 Mode 1.15/1.92 0.05/0.08 0.05/0.08 - Oct. 2005 Sep. 2007
Medium LCV 2.55/4.08 0.05/0.08 0.07/0.10 - Oct. 2005 Sep. 2007
Post New Leng Term * - Proposed on 8th Recommendation from the Central Environmental Counsel - Amended in November 2007 (Mean/Max)
PC JCo8H 1.15/1.92 0.05/0.08 0.05/0.08 0.005/0.007 Oct. 2009 Oct. 2009/ Sep. 2010
LCV + JC08C g'km 1.15/1.92 0.05/0.08 0.05/0.08 0.005/0.007 Oct. 2009 Oct. 2009/ Sep
2010Medium LCV 2.55/408 0.05/0.08 0.07/0.10 0.007/0.008 Oct. 2009 QOct. 2009/ Sep. 2010

" Test mode: see pages 42-43 2 PM limit applied to direct injection gasoline engine to which NOx absorber

* New PM measurement method; technically modified methods for CO and other gases
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Tab. 3.1.1.2-2Exhaust Emission Limit — Diesel vehicles.

[ TestMode’ [ unit | co [ HC [ NOx [ PM [ NewModel [ All prod./Imported veh.
New Short Term (Mean / Max)
PC = 1265 kg 0.63/0.98 0.12/0.24 0.28/0.43 0.052/0.11 Oct. 2002 Sep. 2004
PC = 1265 kg 10-15 Mode g/km 0.63/0.98 0.12/0.24 0.30/0.45 0.056/0.11 Oct. 2002 Sep. 2004
Light Com Veh 0.63/0.98 0.12/0.24 0.28/0.43 0.052/0.11 Oct. 2002 Sep. 2004
Med. Com Veh 0.63/0.98 0.12/0.24 0.49/0.68 0.06/0.12 Oct. 2003 Sep. 2004
New Long Term (Mean / Max) NMHC
PC < 1265 kg 10-15 Mode 0.63/0.84 0.024/0.032 0.14/0.19 0.013/0.017 Oct. 2005 Sep. 2007
PC = 1265 kq + gkm 0.63/0.84 0.024/0.032 0.15/0.20 0.014/0 019 Oct. 2005 Sep. 2007
Light Com Veh 1 Mode 0.63/0.84 0.024/0.032 0.14/0.19 0.013/0.017 Oct. 2005 Sep. 2007
Med. Com Veh ) 0.63/0.84 0.024/0.032 0.25/0.33 0.015/0.020 Oct. 2005 Sep. 2007
Post New Leng Term* - Proposed on 8th Recommendation from the Central Environmental Counsel - Amended in November 2007 (Mean/Max)
PC JCO8H 0.63/0.84 0.024/0.032 0.08/0.11% 0.005/0.007 Oct. 2009 Oct 2009/ Sep 2010
LCV + glkm 0.63/0.84 0.024/0.032 0.08/0.11 0.005/0.007 Oct. 2009 Oct 2009/ Sep 2010Medium
LCV Jcosc 0.63/0.84 0.0240.032 0.15/0.20 0.007/0.009 Oct. 20102 Oct 2009/ Sep 2010

" Test mode: see pages 42-43

2 Oct 2010 for Medium Commercial Vehicle w/ 1.7 t < GVW < 2.5 t or Oct 2008 for Medium Commercial Vehicle w/ 25t <GVW <351
* Faor vehicles not exceeding 1.265 kg. For vehicles > 1.265 kg: 0.15/0.20

4 New PM measurement methed; technically modified methods for CO and other gases

Other Requirements:

From 2005:

HC is measured as NMHC

Light Weight Commercial Vehicles 1.7 t GVW (diesel and gasoline)

Medium Weight Commercial Vehicles: 1.7 < GVWB.5 t (diesel and gasoline)

For vehicles powered by fuels other than gasoliR€; or diesel:

- Test method is 10.15 mode + JC08C until 31 Ma@hl (28 Feb 2013 for imported ve-
hicle); after: JCO8H + JC08C

- Emission limits are similar to the relevant 20@icle regulation

- Application date: domestic vehicle: 01 Oct 20@8ported vehicle: 01 Sep 2010

Test Mode:

Exhaust Emission Level will be calculated as below:

From Oct 2005: 10-15 mode hot start x 0.88 + 11 emmld start x 0.12
From Oct 2008: 10-15 mode hot start x 0.75 + JCB8arcold start x 0.25
From Oct 2009: JC08 mode hot start x 0.75 + JCO8enwold start x 0.25

Mean / Max:

Mean: to be met as a type approval limit and aodyction average

Max: to be met as type approval limit if sales lass than 2000 per vehicle model per year
and generally as an individual limit in series proiibn

Idle CO & HC — Gasoline and LPG:
Idle CO: 1per cent, Idle HC: 300 ppm

Durability:
PC, truck and bus GVW < 1.7t: 80,000 km

PC, truck and bus GVW > 1.7t: 250,000 km

DF: 10-15 Mode: CO: 0.15; HC: 0.15; NOx: 0.25
11 Mode: CO: 2.0; HC: 0.15; NOx: 0.20
JC08 mode: CO: 0.11; NMHC: 0.12; NOx: 0.21
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Evaporative Emissions — Gasoline and LPG:

Test similar to EC 2000 Evap test

(1 h hot soak at 27+ 4°C + 24 h diurnal (20-35°C)),

test limit: 2.0 g/test, run on 10-15 Mode (threwds).

Preparation driving cycle for EVAP:

25 sec. Idle + 11 mode x4 + ((24 sec. Idle + 10 enc@l+ 15 mode) x3)

OBD — Diesel, Gasoline and LPG:

Current status: Vehicles to be equipped with OBDilsir to EOBD requirements

OBD requirement for Passenger Cars and Commereiaiciés with GVW 3.5 tons from
October 2008

Smoke — Diesel:
4-mode: opacity limit 25per cent; free accelerationt 25 per cent; Max PM: 0.8 m-1
From 2009: diesel 4-mode is abolished.; Max PM:r0-5

Fuel quality — Sulphur content:
Diesel: from Jan 2007: 10 ppm
Gasoline: current: 50 ppm; from Jan 2008: 10 ppm

NO, — PM Law:

Tab. 3.1.1.2-3: NOy — PM Law (Applicable in following metropolis: Toky Saitama, Chiba,
Kanagawa, Aichi, Mie, Osaka, Hyogo)

Weight category NOx PM
Diesel PC - 0.25 g/km 0.026 g/km
Bus & truck GVWW = 1.7 ton 0.25 g/km 0.026 g/km
1.7 <GVW =25ton 0.4 g/km 0.03 g/km
2.5 < GVW=35ton 4 5 g/kWh 0.09 g/kWh

If a vehicle does not satisfy the regulation lihitannot be registered in the applicable area afte
grace period.

Grace period from 1st registration:
Diesel PC: 9 years

Small truck: 8 years

Small bus: 10 years

updated 08/04/2009 16



Local Ordinance on Diesel Vehicles — PM EmissioguRation

Tab. 3.1.1.2-4: Local Ordinance on Diesel Vehicles — PM EmissRagulation
(Applicable in whole area of Tokyo (exclude islaa@a), Saitama, Chiba, Ka-

nagawa)
Diesel truck & bus From Oct 2003 From April 2006™
GVW = 1.7 ton 0.08 g/km 0.052 g/km
1.7 < GVW = 2.5 ton 0.09 g/km 0.06 g/km
2.5 ton < GVW 025 g/kWh 0.18 g/kWh

* In case of Tokyo and Saitama only

Vehicles from outside the mentioned area will netable to operate within the cities unless of
equal standard to city vehicles.

Two exemptions:

- Vehicles less than 7 years old (which must meet wehicle emissions for 7 years from reg-
istration)

- Vehicles fitted with a PM filter

Driving Cycles:

11 mode

140

120

100

80

(km/h)

60

40

20

0 T 1 T T T T T T T T T
0O 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
(sec.)

Fig. 3.1.1.2-1Driving Cycle Japan 11 mode cold cycle.
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Fig. 3.1.1.2-2Driving Cycle Japan 10.15 mode hot cycle.
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Tab. 3.1.1.2-5Driving cycle summary.

Time (excl. soak) 1204 s

Distance 8172 m

Max. Speed 81.6 km/h

Ave. Speed 24.4 km/h

Soak Repeated as
hot test

Gear shift (man)

Fixed speeds

3.1.1.3. FUEL EFFICIENCY

< Explanation needed >

22 T
20 F Proposal 2015
gasoline = diesel (JC08)
18 =
§16 T
=3
E Standard 2010
S14 + gasoline (10.15 mode)
©
10 +
8 £
6 1 1 1 1 1 1
1000 1250 1500 1750 2000 2250

test vehicle weight (= vehicle weight + 110) [kg]

Fig. 3.1.1.3-1Japanese fuel efficiency legislation.

3.1.1.4. EFV APPROACH IN JAPAN < or chapter 3.3.1.5. >

< further input expected >

3.1.1.5. NOISE

Reducing Automobile-Emitted Noise [10]:

2500

Reducing motor vehicle and road traffic noise ciuisls a major environmental issue. Auto-
mobiles generate various kinds of noise, includimg noise emitted by the engine, the intake
system, the drivetrain, the cooling system, andekigaust system. In addition, tires generate

updated 08/04/2009
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tire/road noise. Automotive noise in Japan is i&gad by standards—on accelerated running
noise, steady running noise, and stationary exhanastimity noise—which have become pro-

gressively more stringent, requiring automobile ofaoturers to develop the technologies nec-
All motor vehicles manufaetl as of September 2003 comply with the

essary for compliance.

latest noise standards

Large-Sized Passenger Motorcycles
: a2 H 84 86
% 4aia) Vehicles dB(A) Cars dB(A)
100 Drivetrain, Other Tires, Drivetrain, Other Tires, Other
Tires Inlet system Drivetrain
Cooling system Cooling system Inlet system
= 80 | Exhaust system Exhaust system Exhaust system
s Engine Engine Engine
z dB{A)
=)
= 60 - 81 83
£ dB(A) dB(A) dB(A)
Z
=]
g ElQ e A R B E——
= 86 78
g dB(A) dB(A)
% 20 83 ot dBe)
dBDﬂS'] e d?S 73
B B
(A} laia)
0
TS FH58859 §5859
P T e N A
& o Dj& h& £ & N o? r\} q)& & i~ 0]& NS
~ e "~ ~
A A N = <) A AN - o) LA
SEEFE SIS FS g5 FS

Source: Japan Automobile Manufacturers Assodation

Fig. 3.1.1.5-1 The progress in motor vehicle noise reductioméberated running noise).
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—Iconstant engine revolution
speed at rest, quick deceleration
AN

Fig. 3.1.1.5-2 Testing motor vehicle noise levels.
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Tab. 3.1.1.5-1 Overview of japan’s motor vehicle noise regulatio(for accelerated running

noise).
Regulation
Vehicle Type
yp 1971 1976-1977 1979 1982-1987 | 1998-2001
Large-Sized | Vehicles with GVW=over 3.5 ______ 4WDwehicles etc. | [ [ | 82
Vehicles tons and maximum engine |  Trucks | 92 89 86 8 | 81
output=over 150 KW Buses 81
Medium-Sized | vepicles with GVW=over 3.5 | ________4WDvehides, etc. | | | 81
Vehicles tons and maximum engine | Trucks | 89 87 86 8 | 80
output=up to 150 kKW Buses 80
Small-Sized Vehicles with GYW=up to 3.5 | Other than | GVW=Over 1.7 7
Vehicles tons minivehiclesitons | [
[t
1 GVW=Up to 1.7
e ttons ] 8 8 81 ' ?_6_____
Mini-vehicles; "Bonnet”type ___ [ (| [ | 7%
i Cab-over-engine type 76
Passenger Cars | vepicles exclu sively for the | Over 6 occupants 76
transport of passengers, with f--------—-———---c— e 84 82 a1 s -
up to 10-passenger occupancy 6 occupants or fewer 76
Motaorcycles Small-sized motorcydles (over 250cc) | §f[1_‘3_|1-_5_l'§_e_d_ ______________ 86 83 78 75 - 72
and mini-sized motorcycles (126ce-2500c) Mini-sized 84 73
Motor-Driven | Class 1 motor-driven cycles (S0cc & under) |Class2 | | 82 | 79 75 e A
Cycles and Class 2 motor-driven cycles (51cc-125ac) Class 1 80 71
Motas: 1. In pre-1287 regulations, “150 kW™ reads “200 horsepower.” 2. “4WD vehides, etc.” includes 4WDs, tractors, and cranas. Sourca: Ministey of the Environment

3.1.1.6. RECYCLING
Vehicle Recycling and Waste Reduction [10]:

Under Japan’s End-of-Life Vehicle (ELV) Recyclingw which entered into force in January
2005, automobile manufacturers and importers asporgsible for recovery, recycling and ap-
propriate disposal with respect to fluorocarbonsbags, and automobile shredder residue
(ASR). Compliance with the law will enable ASRHUe recycled at a rate of 70% by 2015, re-
sulting in an automobile recycling rate of 95% (lmhicle weight) as compared with the 80%
rate prevailing prior to the introduction of thevla Japan’s vehicle recycling infrastructure as
mandated by its ELV Recycling Law is the first iretworld to administer the entire process of
auto recycling—from ELV recovery to final disposabr-the basis of electronic “manifests” (or
compliance checklists). JAMA itself played a cahtole in the development and implementa-
tion of this advanced vehicle recycling system.alo provided financial support for related
software development and continues to help finayséem maintenance and improvements. In
line with national efforts to “reduce, reuse, rdeytJapan’s automakers are also striving to de-
sign vehicles using lightweight materials that assy to dismantle and recycle, and to reduce
and recycle designated waste products generattb@ imanufacturing process. In 2006 the total
volume of auto plantgenerated waste destined faifih disposal dropped to 6,000 tons, a de-
crease of 98% from the 1990 level, already largelyeeding the 2010 target of 11,000 tons.

updated 08/04/2009 21



Tab. 3.1.1.6-1Industry measures in line with national legisiati

Law for the Promotion of Effective Utilization
of Resources (3R Law)

End-of-Life Vehicle
Recycling Law

Product Design

Waste Management

ELV Recycling

"Reduce” initiatives

For designated products:
- Weight reduction/
Downsizing

- Longer product life

\

| For designated industries:
- Reductionfrecycling of
designated waste products
generated in vehicle
manufacturing operations:
1) Scrap metals
2) Casting sand residue

"Reuse” initiatives

"Recycle” initiatives

-

For designated products:

- Use of recyclable materials

- Ease of dismantling

- Ease of sorting

- Safe recyclability

- Materials identification

- Total waste volume*:
1990 (baseline): 350,000t

2006: 6,000t

{a 989% reduction from 1990)
JAMA target:

11,000t by FY2010

*For landfill disposal, including scrap
metals, casting sand residue, and
| othar waste.

Distribution, Service and Consumption

(- Recovery and recycling of:

1) ASR
2} Airbags
3) Fluorocarbons

Note: Motorcycles are not covered by
the ELV Recycling Law.
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3.1.2. USA

In the USA beside the federal regulations Califarheviates from this with an own system.

3.1.2.1.

EXHAUST GAS EMISSION, EPA

Regulation

Reference

Comment

Auxiliary Emissions Control
Devices (AECDSs)
& Defeat Devices

40 CFR 86.1809-01, 40 CFR
86.1803-01, 86.1844-01

This regulation requires that vehicle emissi
control system effectiveness be certified in dmyv
modes not included in the regulatory test cycleg

Compliance Assurance Pro

CAP 2000 rule streamlines vehicle certificat

[ 40 CFR Part 86 subpart S CAP )
gram 2000 procedures and requires manufacturer funded
(CAP 2000) use" vehicle testing for evaporative emissions
Onboard Refueling Vapor |40 CFR Part 86 subparts A ggts rrlélceeéﬂf);i?;nttﬁenfg\r'n;’;hcl)?lzmsiir;gr?;dju
Recovery (ORVR) (prior to 2001), S (2001+), B b

refueling

US EPA MSAT Cold
NMHC
Exhaust Emissions Limits

40 CFR Part 86 Subpart S

US EPA requirements for PC, LDT and MDH
Cold NMHC exhaust emissions.

Vehicles are required to be certified to a G
NMHC family emissions limit (FEL) rounded
the nearest 0.1 g/mi. Sales weighted fleet ave
requirements of 0.3 g/mi for vehicles up to 6,
pounds GVWR and 0.5 g/mi for vehicles o
6,000 pounds GVWR define the required mix
individaul FELs

US EPA Tier 2
Exhaust Emissions Limits

40 CFR Part 86 Subpart S

US EPA requirements for PC, LDT and MDH
exhaust emissions

Federal On-Board Diagnos
tics
(OBD)

40 CFR, 86.094, OBD,
On-Board Diagnoistics

Manufacturers are required to install an OBD 4
tem which monitors various exhaust and evap
tive emission control components for malfunct
or deterioration resulting in exceeding vari
emission thresholds and illuminates a malfunc
indicator light (MIL). These requirements apply
all PCs and LDTs.

Cold Temperature CO
Emission Standards

40CFR86.094-8(K) & -9(K),
Cold CO for PC & LDT

The cold temperature certification CO standard
20 oF are: - 10 g/mi for PCs

Tier 1 Exhaust
Emission Standards

40CFR86.0XX-8 & -9*, Tier 1
Exhaust Emission Stds

The Tier 1 certification NMHC (nonmethane
drocarbon), CO, NOx, and particulate matter (H

respectively, are:
-0.25/3.4/0.4/0.08 g/mi -- 0.31/4.2/0.6/0.10 g
for PCs,

Corporate Average Fuel
Economy
(CAFE)

Federal: 40 CFR, Part 600,
Law: 15 U.S.C. Section 2001

Sets minimum standards for a manufacturers
duction-weighted average fleet fuel econo
Vehicle fuel economy is established by laborat
testing.

The CAFE standard for passenger cars is
mpg.

Gas Guzzler Tax

Federal: 40 CFR, Part 600,
Law: 26 U.S.C. Section 4063

For any passenger car sold in the U.S., a taxiis
if that vehicles fuel economy does not exceg
22.5 mpg threshold. The tax increases for mo
with lower mpg. The tax is $1,000 if the vehic

$1,300 for 20.5 mpg to 21.4 mpg, and increase

ons
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fuel economy is between 21.5 mpg to 22.4 mpg,

'S to

$7,700 if the mpg is less than 12.4 mpg.
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Tier 1l Standard (cont’d)

Two temporary options available for MY2007-09 digsawered vehicle:

USO06 opt: Relaxed 4k N®NMHC std in exchange for 30per cent stricter cosi@oSFTP
NO+NMHC std. Also extends SFTP useful life to 150k.

High Alt. Option; Bin 7/8 veh. Allowed in-use N@td of 1.2x the FTP std., when at high alt.
In exchange, must meet Bin 5 PM std.
Iso extends the useful life to 150k for ALL FTP edgests.

New fleet average requirement for NMHC:

Provisions for carry forward and carry-back of ¢red
Prov. for carry-over programs with respect to ie-testing
Testis on FTP cycle at 20 deg F

Flex fueled vehicles only required to provide aasge that the same emission reduction
systems are used on non-gasoline fuel as on gasolin
LDV < 6000 GVWR:

Meet sales weighted fleet average of 0.3 g/makimi
Phase in 25/50/75/100 from MY2010 - 2013

6000 LDV <8500 GVWR and MDPV < 10,000 lbs
Meet sales weighted fleet average of 0.5 g/makimi
Phase in 25/50/75/100 from MY2012 — 2015

Tab.3.1.2.1-1NOy fleet average 0,07 g/mi.
g/mi Bin8 | Bin7 | Bin6 | Bin5 | Bin4 | Bin3 | Bin2

NMOG S0k 0100 0.075) 0.075| 0.075
120k | 01251 0.090| 0.090 | 0.090 | 0.070 | 0.055 | 0.010

CO a0 k 3.4 3.4 3.4 3.4

120k | 4.2 42 42 42 2.1 2.1 2.1
NOx 50 k 014 | 011 | 0.08 | 0.05

120k | 020 | 015 [ 010 | 007 | 004 | 003 |0.02
PM 120k | 0.02 | 002 | 0.01 | 0.01 0.01 0.01 | 0.01

HCHO a0 k 0015 0.015] 0.015] 0.015
120k | 0.018 | 0018 0.018 | 0.018 | 0.011 | 0.011 | 0.004

Tab. 3.1.2.1-2Tier Il Phase_In-Schedule in % (Vehicles < 6060@V/WR).

% ‘01102 |03 |‘04 | ‘05| “06 | ‘07 | ‘08
NLEV 100|100 | 100

(Interim Non-)Tier Il, 0.3 NOx avg f5 801251010
Tier II, 0.07 NOx avg 25 | 50 | 75 | 100|100
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Driving Cycles:

FTP 75
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Fig. 3.1.2.1-1Driving cycle FTP 75, EPA 1l (also known as: citycle).

(sec.)

Tab. 3.1.2.1-3Driving cycle summary.

Time (excl. soak) 1877 s

Distance 17860 m

Max. Speed 91.2 km/h

Ave. Speed 34.2 km/h

Soak 600 s

Gear shift (man) Specific (with evidence)

updated 08/04/2009
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Highway
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Fig. 3.1.2.1-2Highway cycle (also known as: Highway Fuel Econohegt-HWFET).

Tab. 3.1.2.1-4Driving cycle summary.

Time 765 s

Distance 16500 m

Max. Speed 96.4 km/h

Ave. Speed 77.4 km/h

Soak N/A

Gear shift (man) Specific (with evidence)
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3.1.2.2.

EXHAUST GAS EMISSION, CARB

Regulation

Reference

Comment

Enhanced Evapo
rative Emission
Regulations

California Evaporative
Emission Standards and
Test Procedures for 1978
and Subsequent

Regulation adds more stringent evaporative emistieh procet
dures, longer vehicle usefull life definition, amegehicle running
loss emission standard and test procedure.

Compliance As-
surance Program

California Evaporative
Emission Standards and
Test Procedures for 2001
and Subsequent Model

CAP 2000 rule streamlines vehicle certification qgdures an
requires manufacturer funded "in-use" vehicle tegfor evaporaj

(CAP 2000) Motor Vehicles, CAP 2000 tive emissions.

Impact on Enhanced Evap

California Evaporative

Emission Standards and | LEV Il significantly lowers evaporative emissiorastiards from
LEV I Test Procedures for 2001 | "enhanced evaporative" standards and increasesigbfil life

and Subsequent Model
Motor Vehicles

definition.

Onboard Refuel-
ing Vapor Recov-

California Refueling Emis-
sion Standards and Test
Procedures for 1998 and

This rule implements new vehicle standards and gestedure

o

ery Subsequent Model Motor | for the control of emissions during refueling
(ORVR) Vehicles/California Code df
Regulations section 1978
The Supplemental Federal Test Procedure (SFTP)atémns add
on to the current Environmental Protection Agené&gderal Tes
SFTP — Procedure (FTP).

Supplemental
Federal Test Pro-
cedures

CCR Section 1960.1

—

SFTP contains two new drive cycles (a high speedhégh load -
USO06 cycle and air conditioning on cycl&€03) and standard
The Federal EPA and California regulations arerimi@eed with
each other as well as the Federal National Low EimisVehicle
regulation (NLEV).

California On-
Board Diagnostic
Il

(OBD II) & Ser-
vice Information

"z

Sec.1968.2

Manufacturers are required to install an OBD systehith moni-
tors various exhaust and evaporative emission cbodmponent
for malfunction or deterioration resulting in exde® various
emission thresholds and illuminates a malfunctioticator light
(MIL).

California Envi-

ronmental Per-

formance

Label Specifica-
tion

Title 13, California Code o
Regulations, Section 1965

The content of the label is specified in detailtiie California
regulations, including that the label must haveeseg border, an
a smog score and global warming score printedankbotype.

[oN

CARB LEV I
Exh. Em.

Title 13, Division 3, Chap-
ter 1, Section 1961

CARB requirements for PC, LDT and MDV exhaust eiiss

CARB Zero Em.

Title 13, Division 3, Chap-
ter 1, Section 1962

CARB requirements for PC and LDV exhaust & evapued
emissions, emissions warranty and advanced tecgyelkehicles

California Low
Carbon fuel Stan-

Draft

dard Regulation

LCFS applies to all California transportation fuetarting Janu
ary 1, 2010 the carbon intensity standard shouldeoeced by

10% by 2020.
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3.1.2.3. GREENHOUSE GASES AND CAFE
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Fig. 3.1.2.3-1 CAFE (US - 50 States) ,20in10* and Energy Bilgd3enger Cars.
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Fig. 3.1.2.3-2CAFE (US - 50 States) ,20in10" and Energy Bilight Duty Trucks.
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CO, [g/mile]
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Fig. 3.1.2.3-3GHG Rule (Cal tand Sect. 177 States) and CAFE (US — 50 States).

Tab. 3.1.2.3-1Fleet average GHG emission standards.

Tier VY PC/LDT1 LDT2/MDPV
g mile g mile
2009 323 439
2010 301 420
Near-Term 2011 267 390
2012 233 361
2013 227 355
. 2014 222 350
Mid-Term 2015 213 341
2016 205 332

3.1.2.4.

MERCURY LAW

Key Provisions of L.D. 1921; Signed into law onAgril, 2002

1.

updated 08/04/2009

Prohibits the use of mercury switches in alligigls manufactured on or after 1 January,

2003;

Requires vehicle manufacturers to establishséery for the removal and collection of the

mercury-containing parts in old cars before theysarapped.

- Vehicle Manufacturers are required to establistt maintain authorized “consolidation”

facilities geographically located to serve all are&the state by 1 January, 2003;
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- New and used car dealerships are not authorpdrticipate in the system,;

- Manufacturers are required to pay a minimum op&d switch brought to the consolida-
tion facilities;

3. Vehicles that contain mercury that apply to ekds built on or after July 15, 2002 must have
a label on the driver-side doorpost specifying WWhtomponents in the vehicle may contain
mercury.

4. New manufacturer reporting requirements:

- Before 1 January, 2003, vehicle manufacturergeqaired to submit information if they
intend to levy a fee on new vehicles sold in treestincluding the amount charged to
customers, and the basis for charging said amount;

- By July 1, 2004, vehicle manufacturers are regguio report on the number of mercury
switches removed and recycled through the condaifacilities;

3.1.3. CHINA

3.1.3.1. CHINA ENVIRONMENTAL REGULATIONS

China - Environmental Regulations
Regulation China

Regulation China nationwide special areas Reference Comment
Fuel consumption standards applied Important Tech- | Regulation Name:
to M1 vehicles with GVM not mor¢ nical Standards & Limits of fuel con-
than 3500kg. 2 sets of fuel con- Legislations in | sumption for light
sumption limits for different M1 China Auto In- | duty commercial vehi
models: dustry; Volks- cles
1. Normal M1 (with MT and ex- wagen Group
cluding the following models), China; Issue: Regulation Number:
2. Special M1 (automatic transmig- Aug. 2008 China | GB 20997-2007
sion (AT), or 3 or more rows of Automotive

CO,/fuel seats or off-road vehicles); Technologie

consumption | 2-phase implementation: News; Volks-

standards Phase-1 started 07/2005 for new wagen Group
approval car models and 07/2006 China; Issue No.
for in-production car models, 59, August 2008;
Phase-2 started 01/2008 for new Technical Devel-
approval car models and starting opment Division
01/2009 for in-production car mod- (Source: CA-
els. The authorities are planning tp TARC)

issue Phasef fuel limitin 2011
and to initiate framing in the year
end.
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China - Environmental Regulations

Regulation China nationwide

Regulation China
special areas

Reference

Comment

From July 1st of 2007, the car mo
els for new type approval must be|
EU 3 (without OBD) and from July
1st of 2010, the new approval car
models should be EU 4. The Chi-
nese authorities are considering t
draft the national standard similar
equivalent to EU 5/ EU 6 after the
official publication of EU 5/ EU 6
in Europe.

oBeijing has imple-
mented EU 4 for
gasoline passenger
cars since March 13
of 2008. For this
bimplementation,
@eijing Municipal
Government imple-
mented its local fue
standards of EU 4
for both gasoline &

Important Tech-
nical Standards &
Legislations in
{China Auto In-
dustry; Volks-
wagen Group
China; Issue:
Aug. 2008

Regulation Name:
Limits Measurement
Methods for Emis-
sions From Light-
Duty Vehicles (Il and
V)

Regulation Number:
GB18352.3-2005

Eé?\ltizllon diesel fuels since
January 1st of 2008.
Shanghai and Pear
River Delta (Guangf
zhou/Shenzhen) ar¢
planning to imple-
ment EU 4 for both
gasoline and diesel
cars in the second
half of 2009 or at
the beginning of
2010.
Because of the locgdlimportant Tech-
air pollution prob- | nical Standards &
lems, some special| Legislations in
local areas beside | China Auto In-
Beijing, including [ dustry; Volks-
Guang- wagen Group
Diesel Emis- zhou/Shenzhen, will China; Issue:
sions adopt more stringentAug. 2008
regulations for die-
sel vehicles, espe-
cially more strict
requirements for the
particulate emis-
sions.
From July 1st of 2008, the OBD | Chendu started to | Important Tech- | Regulation Name:
system will be requested on the ngsgquest the OBD on nical Standards & Limits Measurement
approval gasoline car models and| the EU 3 cars from | Legislations in Methods for Emis-
from July 1st of 2009, the OBD | May 1st of 2008, |China Auto In- | sions From Light-
system will be requested on all th¢which was one yeay dustry; Volks- Duty Vehicles (Il and
OBD Re- gasoline cars registered nationwidesarlier than the wagen Group V)
quirements | From July 1st of 2010, the OBD | nationwide imple- | China; Issue:
system will be requested on the nementation plan. Aug. 2008 Regulation Number:

approval diesel car models and fr
July 1st of 2011, the OBD system
will be requested on all the diesel

bm

cars registered nationwide.

GB18352.3-2005

updated 08/04/2009
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China - Environmental Regulations

Regulation China nationwide

Regulation China
special areas

Reference

Comment

Vehicle Con-
sumption
Tax

The existing consumption taxatiorn

system for passenger vehicles has

been in effective since April of

2006. A new policy takes effect o
Sept 1, 2008. The consumption t4
rate for passenger vehicles with
engine displacement ranging fronj

3.0 L to 4.0 will be increased to 2%

x

percent from the current 15 percept,

and the tax rate for those with ove
4.0 L displacement will be up to 4
percent from the current 20 perce
Contrarily, passenger cars with 1.
or less displacement range will pg
1 percent of the consumption tax
instead of 3 percent.

O =

=< O

China Automo-
tive Technologie
News; Volks-
wagen Group
China; Issue No.
59, August 2008;
Technical Devel-
opment Division
(Source:
MOF.gov, Aug.
13, 2008)

Exterior
Noise

The standard is formulated as per
the Law of the People's Republic
China on the Prevention and Con
trol of Environmental Noise Pollu-
tion. It is formulated in reference t
the regulation of Uniform Provi-
sions Concerning the Approval of
Motor Vehicles. Having at Least
Four Wheels with Regard to Thei
Noise Emission (ECE Reg.No.51
of the Economic Commission for
Europe of the United Nations
(UN/ECE) and based on the actua
conditions of motor vehicle prod-
ucts in China.

Ministry of Envi-
ronmental Protec
tion People's
Republic of Ching

Regulation Name:
Limits and measure-
ment methods for
noise emitted by ac-
celerating motor vehi
cles

Regulation Number:
GB 1495-2002

Recycling
and Recov-
ery of End-
of-Life Vehi-
cles (ELV)

This Standard specifies a method
for calculating the recyclability rat
and the recoverability rate of a ne
road vehicle, each expressed as &
percentage by mass (mass fractig
in percent) of the road vehicle,
which can potentially be

- recycled, reused or both (recy-
clability rate), or

- recovered, reused or both (reco
erability rate).

The calculation is performed by th
vehicle manufacturer when a new|

D

vehicle is put on the market.

ISO 22628:2002

Regulation Name:
Road vehicles Recy-
clability and recover-
ability — Calculation
method

Regulation Number:
GB/T 19515-
2004/1S022628:2002

updated 08/04/2009
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3.1.3.2. EXHAUST GAS EMISSION

Emission control — EU 3/4 nationwide

- national standard GB18352.3-2005 based on 2003Z76/E

- published by State Environmental Protection Adntrateon (SEPA, now Ministry of Envi-
ronmental Protection, MEP) on April 15th of 2005,

- following implementation plan was stated:

From July 1st of 2007, the car models for new tgperoval must be EU 3 (without

OBD) and from July 1st of 2010, the new approvalmadels should be EU 4;

From July 1st of 2008, the OBD system will be resjad on the new approval gasoline
car models and from July 1st of 2009, the OBD systall be requested on all the gaso-
line cars registered nationwide;

From July 1st of 2010, the OBD system will be resiad on the new approval diesel car
models and from July 1st of 2011, the OBD systeth lvé requested on all the diesel
cars registered nationwide.

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

Nationwide

cars

Nationwide
cars
1
1
Beijing i
veweased [T e R
cars
1
1
1
Guangzhou/ 1

Shenzhen EU3
New registered I
cars 1

Shanghai
New registered EU3
cars

Fig. 3.1.3.2-1 Emission control for petrol passenger cars —\aeer and perspective.
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2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

Nationwide
New approval E3
cars

Nationwide
New registered E3)
cars

Beijing
New registered No diesel car?
cars

Guangzhou/

Shenzhen EU3

New registered
cars

Shanghai
New registered E3
cars

Fig. 3.1.3.2-2Emission control for diesel passenger cars —~we@rand perspective.

Mationwide
New registered gasoline cars

2007 2008 2009 2010 2011

MNew registered diesel cars Mationwid e

Fig. 3.1.3.2-30BD implementation plan China-wide.

Emission control — other specific issues

Beijing has implemented EU 4 for gasoline passenges since March 1st of 2008. For this
implementation, Beijing Municipal Government implented its local fuel standards of EU 4
for both gasoline & diesel fuels since Januaryo1 &008.

In Chengdu, all the new registered Category 1 hgtiticles (refer to the passenger cars with
GVM not more than 2500 kg / seats not more tham@t be EU 3 and equipped OBD since
May 1st of 2008. This movement shows that more raonde local areas will have the ad-

vancing implementation of the national standards.

Because of the local air pollution problems, somecgl local areas beside Beijing, includ-

ing Guangzhou/Shenzhen, will adopt more stringegulations for diesel vehicles, espe-
cially more strict requirements for the particulatrissions.
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China authority is planning to draft EU 5/6 stamttar Some car makers, e.g. GM China,
already officially announced their development &f & cars for the Chinese market.

Driving Cycles:

NEDC

140

120

100 -

80

(km/h)

60

40

20

O T T T T T
0O 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
(sec.)

Fig. 3.1.3.2-4NEDC 2000.

Tab. 3.1.3.2-1Driving cycle summary.

Time 1180 s
Distance 11007 m
Max. Speed 120 km/h
Ave. Speed 33.6 km/h
Soak N/A

Gear shift (man) Fixed speeds

3.1.3.3.  FUEL CONSUMPTION STANDARDS FOR PASSENGERRS
Standards applied to M1 vehicles with GVM not mitran 3500kg
2 sets of fuel consumption limits for different Miodels:

- Normal M1 (with MT and excluding the following mddg
- Special M1 (automatic transmission (AT) or 3 or eaws of seats or off-road vehicles)
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2-phase implementation: Phase-1 Phase-2
new approval car models 07/2005 01/2008
in-production car models 07/2006 01/2009

The working group on phase-3 fuel consumption Bntas established already. The draft
limits are expected to be finished by the end &0

[EnY
»

e==Normal M1 < 3500kg

== Special M1 < 3500kg, automatic
1 transmission, 3 or more rows of seats

-
a1
I

-
N

[y
w

-
N

[Eny
o

Fuel consumption [I/2100km]
© i

750 1250 1750 2250 2750
Curb Mass [kg]

Fig. 3.1.3.3-1 Standard — Fuel consumption Phase-2 limits.

3.1.3.4. RECYCLING AND RECOVERY OF END-OF-LIFE VEBLES (ELV)
Topics of the phase-3 research project by NDRC/CRTA

The project is divided into three parts, which sefated to management methods, banned / re-
stricted materials and material database. Thevamteworking groups have been established
accordingly.

Researches on the development of the “Adminiseaiules on RRR Rates of Automotive
Products and Banned/Restricted Materials” andélexant calculation methods;

Survey / study on the banned/restricted matenaShina auto industry;

Basic researches and data collection related tmaCAutomotive Materials Data System
(CAMDS).
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Min. 85% recovery rate for M2, M3, M2 and M3 vehicles, incl. Min. 30% Min. 95% recovery rate for all

recycle rate far materials. vehicles | incl. Min. 85%
Min. 80% recovery rate for M1 and M1 wehicles, incl. Min. 5% recycle rate for materials. recycle
hearwvhile prohibition for the use of Ph, HY, Cd and CrE+, with a few exceptions. rate for materials.

hin. 90% recovery rate for all vehicles,
incl. Min. 80% recycle rate for materials.

Fig. 3.1.3.4-13-phase research projects.

3.1.3.5. CHINA GREEN VEHICLE

The2Green Vehiclécertificatesare based on a set of requirements. All fourfeztes include
the evaluation factoEmission control (OB and2Fuel consumptioh
Additionally they include at least one of the felimg criteria:

CO, emission

Curb mass

Exterior and interior noise

inner vehicle air quality

ELV RRR rates, Banned materials, EMI, non-CFC malterin AC system, non-asbestos
material, max. vehicle speed, acceleration andbshigability

Often References to GB / GB/Ts given.

There would be four kinds of such certificationGhina:

1.

2Green Vehiclé Certification by China National Accreditation a@ertification Committee
(CNCA). The relevant rule has been implemented @dn®9.2006; from Guangzhou Toyota
has been certified;

2Green Vehicle Certification by National Technical Committee flenvironment Manage-
ment, Standardization Administration of China (SAQ)he relevant national standard is un-
der approval;

2Green Vehiclé Certification by Science & Technology and Standaation Department,
State Environment Protection Administration (SEPAJhe relevant rule has been imple-
mented at the end of 2005; the so-called Greencdlehhave the priorities fégovernment
purchasing from 07.2007. The car models from FAW-VW and SW#&re in the Group
Procurement List jointly published by SEPA and kheistry of Finance (MOF).

2Green Vehiclé Certification by Pollution Control Department, tBéate Environment Pro-
tection Administration (SEPA). The relevant ruleirgder discussion.
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3.1.3.6. NOISE

The standard is formulated as per the Law of thepRé&s Republic of China on the Prevention
and Control of Environmental Noise Pollution. dtformulated in reference to the regulation of
Uniform Provisions Concerning the Approval of Modehicles Having at Least Four Wheels
with Regard to Their Noise Emission (ECE Reg.No.b1)the Economic Commission for
Europe of the United Nations (UN/ECE) and basedh@nactual conditions of motor vehicle
products in China. The noise limit for vehicletire standard is to replace that set down in the
standard GB 1495-79. The noise measurement meththe standard is in reference to the An-
nex 3 of the Uniform Provisions Concerning the Apa of Motor Vehicles Having at Least
Four Wheels with Regard to Their Noise Emission EER2g.N0.51/02) (1997) of the UN/ECE
as well as related content of the internationahddad of Acoustics - Measurement of Noise
Emitted by Accelerating Road Vehicles - Engineervigthod (ISO362: 1998) in its technical
content. The related requirements on the roacgserfior noise test of the standard adopt that of
the stipulation in the Provisions of the Requiretaerf Road Surface for the Test of Noise Emit-
ted by Road Vehicles (1ISO10844: 1994) and wasroteffect as of January 1, 2005. The stan-
dard is implemented in two different time periods@ding to the date of manufacture of the
vehicle.

3.1.4. EU & UN-ECE

3.1.4.1. UN-ECE AND EUROPEAN ENVIRONMENTAL REGULATNS

UN-ECE Environmental Regulations European Regulations
Regulation Reference Comment Reference Comment
Airquality: Regulations of ambient
2008/50/EC on ambi- | air quality in relation to
ent air quality and sulphur dioxide, nitrogen

cleaner air for Europe | dioxide and oxides of
nitrogen, particulate
Matter (PMg, PM, 5),
lead, benzene, carbon
monoxide and ozone

Regulated pollut-

ants — roller
bench type ap-
proval
Emissions of pol- ECE R 83-05 Scope: vehicles M1, N1 | Euro 5 & 6: Scope: vehicles M1, M2,
lutants according to with MTALW £35t 715/CE/2007 et N1, N2 with reference
engine fuel re- 692/2008/CE massE 2610 kg (deroga-
quirements tion possible until 2840
kg under specific condi-
tions)
supplement 1 to 6 - provisions for OBD; implementation measure
emission test proce- based on ECE R 83-05
dure for periodically except some specific
regeneration exhaust requirements (limit val-
aftertreatment sys- ues; deterioration factors;
tems; provisions for durability test procedure;
Hybrid vehicles type emission at low T°C in
approval; provisions Diesel; OBD; access to
for gaseous LPG/NG vehicle repair and main-
vehicles tenance information; use

of reagent fort he exhaust
aftertreatment system;
flexfuels vehicle...)

updated 08/04/2009 38



UN-ECE Environmental Regulations

European Regulations

Regulation

Reference

Comment

Reference

Comment

ongoing supplement
7

- provisions for modi-
fied particulate mass
measurement proce-
dures;

- provisions for particle
number measurement

procedures
Smoke (Diesel ECE R 24-03 Scope: all Diesel vehicles  Euro 5 & 6: Scope: vehicles M1, M2,
only) 715/CE/2007 et N1, N2 with reference
692/2008/CE massE 2610 kg (deroga-
tion possible until 2840
kg under specific condi-
tions)
implementation measure
based on ECE R 24-03
except some specific
requirements
Consumption and ECE R 101 Scope: vehicles M1 Euro 5 & 6: Scope: vehicles M1, M2,
CO, measurement (internal combustion 715/CE/2007 et N1, N2 with reference
engine and hybrid elec- | 692/2008/CE massE 2610 kg (deroga-

supplement 6

tric powertrain) and
vehicles M1 & N1 pow-
ered by an electric pow-
ertrain

the driving cycle is the
one described in the UN
ECE R38 (NM VEG
cycle); regenerating
system taken into accoun

tion possible until 2840
kg under specific condi-
tions) - roller bench type
approval

implementation measure
based on ECE R 101
except some specific
requirements and scopes
(flexfuels vehicles;...)

CO, regulation

nothing up to now

European project on
going

Scope announced: M1
and N1 later on

ELV & recyclabil-
ity

End of Life Vehi-
cles
Recyclability,
recovery & reuse

Heavy metals

nothing up to now

2000/53CE
2005/64/CE

Decision 2008/689/CH

Heavy nsetidroga-
tions; annex Il of ELV
directive

Noise

ECE R51.02

revision R51.03 towards

2013 (estimation)

2007/34/CE

updated 08/04/2009

39




3.1.4.2. EXHAUST GAS EMISSION

Tab. 3.1.4.2-1Euro 3 and 4 Emission Limits.

Limit values
Reference Mass of hy- M"’.‘SS of . Mass of
Mass of carbon oxides of nitro- . @
mass monoxide (CO) drocarbons gen particulate
(RW) (kg) (HO) (NO) (PM)
L1 (9/km) Lo (9/km) Ls (g/km Ls (9/km)
Categor Class Petrol Diesel Pettol Diesel PetrplDiesel | Diesel
M®@ - All 2,3 0,64 0,20 | - 0,15 0,50 | 0,05
I RW 1305 2,3 0,64 0,20 - 0,15 0,50 0,05
Euro 3 1\, @ | 1328 SRW- 1417 0,80 025 | - 018 | 065| 007
11 1760 < RW 5,22 0,95 0,29 - 0,21 0,78 0,10
M®@ - All 1,0 0,50 0,10 | - 0,08 0,25 | 0,025
I RW 1305 1,0 0,50 0,10 - 0,08 0,25 0,025
Euro 4 1\, @ | 1328 SRW 1181 0,63 013 | - 010 | 033| 004
11 1760 < RW 2,27 0,74 0,16 - 0,11 0,39 0,06
(1) For compression ignition engines.
(2) Except vehicles the maximum mass of which eas&e500 Kkg.
(3) And those Category M vehicles which are spetifienote 2.’
Tab. 3.1.4.2-2Euro 5 Emission Limits.
Limit values
Mass of Mass of
Refer- | Mass of non- Mass of .
total hy- : Mass of particu- | Number of
ence carbon methane oxides of 1) )
. drocar- : late mattef particles
mass monoxide bons hydrocar- nitrogen (PM) P)
(RM) (CO) (THC) bons (NO,)
(kg) (NMHC)
L2
L, (mg/km) (mg/km) Lz (mg/km) | Ly (mg/km) | Ls (mg/km) Ls (#/kg)
gg‘:}f Class Pl |c [P |cl|pP |c |pP|c | P PI | CI
M - All 1000 | 500 | 100 | - | 68 | - 60| 180| 5,045 5,045 6x10"
| N | 1000 500 100| - | 68| - | 60| 180 5045 5045 { 6k0
1305
Ny | Il <RM |1810| 630 130| - | 90| - 75| 235| 5,045 5045 ék10
1760
11 ;T\;SO < | 2270 | 740| 160]| - 108 - 82| 280 5,0/4/5 5,0/4,5 é%10
N, - All 2270 | 740| 160 | - 108 - 82| 280 5045 5,045 {6x10"

Key. PI = Positive Ignition, Cl = Compression Ignition

(1) A revised measurement procedure shall be inted before the application of the 4,5 mg/km liaitue.
(2) A new measurement procedure shall be introdbedare the application of the limit value.

(3) Positive ignition particulate mass standardslstpply only to vehicles with direct injectiongines
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Tab. 3.1.4.2-3Euro 6 Emission Limits.

Limit values
Mass of Mass of Mass of
Mass of total hy- | "o oxides Mass of particu-| Number of
Reference | carbon y methane . P F1ac@
. drocar- of nitro- | late matter particles
mass monoxide hydrocar- @
bons gen (PM) P)
(RM) (kg) | (CO) (THC) bons (NO)
(NMHC) x
Ly L, Ls L,y
(mg/km) | (mg/km) | (mgrkm) | (mgrkm) | b5 (MI/km) Ls (#/kq)
4
Cate | Class Pl |cl P |c|p |cl|Ppl|cl| PP | P e
gory
M - Al 1000 | 500 100| - | 68| - | 60 80 5,0/45 5045 - x16"
I ?%5 1000 | 500{ 100| - 68| - 60 80 5,045 5,045 - 6x1
1305
Ny I <RM 1810| 630f 130| - 90 - 7% 105 5,0/45 5,0/4,5 - ék1
1760
1 éﬁ50< 2270| 740| 160| - 108 - 82 125 5,0/4,5 5,0/4,5 6k
N, - Al 2270| 740| 160| - 108 - 82 125 5,0/4,5 5,0/4,5 6k

Key: Pl = Positive Ignition, CI = Compression Ignition
(1) A revised measurement procedure shall be intred before the application of the 4,5 mg/km livaitue.
(2) A number standard is to be defined for thigestir positive ignition vehicles.

(3) Positive ignition particulate mass standarddlstpply only to vehicles with direct injectiongines.
(4) A number standard shall be defined before teSelper 2014.
(5) A new measurement procedure shall be introdbedatre the application of the limit value.

Driving Cycles:

NEDC
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Fig. 3.1.4.2-1Driving cycle for European Union (NEDC 2000).
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Tab. 3.1.4.2-4Driving cycle summary.

Time 1180 s
Distance 11007 m
Max. Speed 120 km/h
Ave. Speed 33.6 km/h
Soak N/A

Gear shift (man) Fixed speeds

3.1.4.3. CG-EUROPEAN REGULATION

The objective of the regulation is to reach 12(hwgik 2015, as an average for the whole passen-
ger car fleet (new vehicles), starting in 2012 gehan). This goal is splitted in 130 g/km based
on type approval of M1 vehicles (by means of imgroents in vehicle motor technology) and
10 g/km related to the complementary measures (GSVS; LRRT; MAC system efficiency;
biofuels).

Each car manufacturer has to comply with an objediccording to the CQunction defined as
follows: CO, = 130 + ax (M - M0), compared to the actual averagissions from new cars sold
in the EU-27. (NB : M = mass in running order= 8,0457; MO = 1372kg).

The phase-in is defined as follows: 65% in 20126758 2013; 80 % in 2014; 100% in 2015,
using proportions of new passenger cars regisiaredch year.

New passenger cars with specific £€nissions of less than 50 g/km count as 3,5 ca291i2

and 2013, as 2,5 cars in 2014, as 1,5 cars in 28ib 1 car from 2016 onwards.
The regulation includes also special rules for carag E 85.

Eco-innovation technology will be taken into accoumthe limitation of 7g/km by car manufac-
turer, provided the contribution to the €@duction is not taken into account by the type ap
proval procedure.

In the case of non conformity penalties have tpdid.

The 2020 target is 95 g/km, depending on an imasstssment, planned for 2013, e.g. to recon-
sider the key parameter (footprint versus mass ?).

< Fig. expected >

Fig. 3.1.4.3-1Correlation vehicle weight - CQor year 2006.
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3.1.4.4. CQ LABELLING DIRECTIVE

< further input expected >

3.1.4.5. FUEL REGULATIONS

< further input expected >

3.1.4.6. NOISE

Preliminary: there are several noise sources wbattribute to noise pollution. One of those
comes from the vehicles explaining regulation ohicle external noise.

References
- European Regulation: 70/157 * 2007/34/CE
- UN-ECE regulation as an equivalence: ECE R51-02

Summary of the requirements
According to both stationary and rolling test priaees, the level of the external noise of vehi-
cles is checked.
For the purpose of M1 and N1 vehicle categoriesntlandatory limit values are currently:
- Category M1: 74 dB(A)
(with a derogation for compression ignition engireexsl direct injection engines: 75
dB(A))

- Category N1: 76 dB(A) if the MTALW 2t and 77 dB(A) in other cases.
(MTALW = Maximum Technically Admissible Laden Weigh

Next step:

A new test procedure have been defined in ordéetter evaluate the noise behaviour in urban
conditions.

So, based on this procedure and in parallel wighctirrent one, a monitoring phasis is ongoing
in order to allow decision makers to define newitism

3.1.4.7. RECYCLING

References

- European Regulation: End of Life Vehicles (EL\z8jective 2000/53/CE
RecyclalyiliRecovery and Reuse (RRR) 2005/64/CE

- UN-ECE regulation: no equivalence

Summary of the requirements
* 2000/53/CE:
The main purpose is to constrain the European Mesrdiates to improve the recycling and
the recovery of their ELVs, starting with an objeetof a minimum threshold to achieve for
both:
- recycling: 80 % in 2006 and 85 % in 2015
- recovery: 85 % in 2006 and 95 % in 2015
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First results have been published in 2008 as follow

‘“. FIN EST
LV
|
I quota achieved

Europe : valorisation ratio (%) of the EL.Vs
Member States results adressed to the European Co

823/81 89.5/86,8 80/80 84/83 85/834
'ﬂ
IRL .

LT []Quota partially
slisss
- I Quotanot
PL achieved
. [ Non ayailable
cz I Mandatory from

o509 | o
85,1/79

H 1

Pa

recoverability ratio
RO (goal: 85%)

80,3 /77,1 Il :Reuse and

recyclability ratio
(goal: B0%)
87.2./824

Source : Eurostat

CY
CYJ 86,6 /854 update : 7/10/08

B,

Fig. 3.1.4.7-1Valorisation Ration of the ELVs.

* 2005/64/CE

To contribute to the above targets, the main pwemdthe RRR Directive is to constrain the
Cars manufacturers to improve the recyclability #relrecoverability of their vehicles, start-
ing with an objective at the type approval of aiminm threshold to achieve for both:

- recyclability: 85 %

- recoverability: 95 %

from 15/12/2008 for New Types and from 15202/0 for all types.

The process established by the car manufdtuterms of:

- Recommended strategy for recycling and recovery,

- Collection and traceability of the relevant dateights of the components, chemical na-
ture of the materials),

- Calculation of the ratio according to ISO 22628.

- Compliance with the heavy metals ban (Lead, Merc@admium, ChromiumVI) , ex-
cept for certain applications under derogation

is evaluated by the type approval authorities éachyears.

3.1.4.8 ‘GREEN PUBLIC PROCUREMENT’ DIRECTIVE
On 22" Oct 2008, The European Parliament backed theréiesting agreement with the Council

regarding the Directive ‘On the promotion of cleard energy efficient road transport vehicles’.
18 months after publication, the directive shaltfa@sposed into national laws. The directive
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requires contracting entities (public authoritigsjake into account also criteria addressing op-
erational CQ, NOy, NMHC, and PM emissions, and operational ,enemmysamption’ when
purchasing road transport vehicles. Contractingaities can consider including other envi-
ronmental impacts.
Member States can do this by
1. setting technical specifications for energy andimmental performance (e.g. a certain
minimum emission standard)
2. or by including energy and environmental impactghmpurchasing decision, whereby:
a. in cases where a procurement procedure is apphiesdshall be done by using
these impacts as award criteria (e.g. maximum €xssions)
b. in cases where these impacts are monetised, aggd@alculation methodology
shall be applied (internalisation of external cpsts
In case of 2b, the lifetime cost for the operatid vehicle shall be calculated by:
determining operational lifetime fuel consumptiand converting it into ,energy
consumption’, based on values proposed in thel&gia
(table 3.1.4.8-1)
determining operational lifetime G@missions and emissions of NOIMHC,
and PM
determining emissions based on standardised Erestédures for the vehicles
for which such test procedures are defined in Ei¢ ypproval legislation. For
vehicles not covered by standardised EU test progesdcomparability between
different offers shall be ensured by using widelgagnised test procedures, or
the results of tests for the authority, or inforioatsupplied by the manufacturer.
Converting operational lifetime energy consumptié), emissions and emis-
sions of NQ, NMHC and PM, into ,costs’ based data providedHhmylegislation
(table 3.1.4.8-2)
using lifetime mileages defined in the legislatidmot otherwise specified (table
3.1.4.8-3)

Tab. 3.1.4.8-1Energy content of motor fuels.

Fuel Energy content
Diesel 36 MJ/litre
Petrol 32 MJ/litre
Natural Gas/Biogas 33- 38 MJ/Nmt
LPG (liquefied petroleum gas) 24 MJ/litre
Ethanol 21 MJ/litre
Biodiesel 33 MJ/litre
Emulsion fuel 32 MJ/litre
Hydrogen 11 MJI/Nn?
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Tab. 3.1.4.8-2Cost for emissions in road transport (in 200€¢s).

CO; NOy NMHC

Particulate Matter

3-4€cents/kg| 0.44 €cents/g 0.1 €cents/g

8.7 €cents/g

Tab. 3.1.4.8-3Lifetime mileage of road transport vehicles

Vehicle category
(M and N categories as defined in Directive
2007/46/EC)

Lifetime mileage

Passenger cars (M1) 200 000 km
Light commercial vehicles (N1) 250 000 km
Heavy goods vehicles (N2, N3) 1 000 000 km
Buses (M2, M3) 800 000 km
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3.1.5. ENVIRONMENTAL LABEL SWITZERLAND
Development of an environmental rating label faisda 1]

In 2007, the Federal Department of the Environm@&ransport, Energy and Communications
(DETEC) decided to continue development of the gyeating label for cars, which assesses the
energy efficiency of cars according to categoriesascale from A to G. An environmental la-
bel is to be developed from the current rating llabv@ich, apart from the classification of cars
into efficiency categories, also makes possibléedkhtiation according to ecological and espe-
cially air quality criteria. It is planned to iobluce the new environmental label on 1 January
2010.

The content of the existing energy label shouldrbesferred to the future environmental label
virtually without change, though complemented bgifdnal information on the environmental
impact of the vehicle. Included in the environnamating are two assessments that are inde-
pendent of one another. The energy efficiencypmased according to the previous seven cate-
gories from A to G. The same number of vehicle el®ds now to be classified in each cate-
gory. The energy section will be supplementedmgm@vironmental section in the form of envi-
ronmental impact points. These environmental ihpaits will appear on the environmental
label in the form of figures and graphically, sianito what is currently the case on the energy
label for CQ emissions. The environmental impact points deiiom the criteria compiled by
the Federal Office for the Environment (FOEN) foeggy efficient and low-emission vehicles
(Kriterien fur energieeffiziente und emissionsarfadhrzeuge (KeeF)). The calculation of envi-
ronmental impact points includes emissions ofikNBC, PM,,, CO, CQ, noise and fuel produc-
tion.

Along with more comprehensive consumer and fuekaomption information, the future envi-
ronmental label should also make it possible te taito consideration further environmental
aspects in the ecological differentiation of Camadanotor vehicle taxes and Federal car tax. The
Commission for the Environment, Town and CountrgnRing and Communications of the
Council of States UREK-S provided information oe thain features of a bonus system in Oc-
tober 2008. With effect from today, car tax shob&lincreased from 4 to 8%. The increased
income should be used for the financial promotidrewergy-efficient and environmentally-
friendly vehicles. With this scheme, vehicles meryy efficiency category A should receive the
energy efficiency bonus in full, whereas those ategory B should receive 50%. It is also
planned that vehicles below a certain number ofrenmental impact points will receive an
environmental bonus. The relevant amendment t&CdreTax Act will be put out to consulta-
tion from November 2008.

The environmental label with its additional consunméormation and the differences in car tax

it supports should result in cars on Swiss roadghwim future are more modern and resource-
efficient, with less impact on the environment.
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3.1.6. INDIA

3.1.6.1.

INDIA ENVIRONMENTAL REGULATIONS

Regulation

Reference

Comment

CO;

Discussion ongoing. Proposals base
on mass C@target lines affective
2010. Less stringent targets compat
to EU.

2d

ed

SIAM presentationg

HC+No,, Co
Light Duty

From April 2005, India State emis-
sions requirements based on Europ
Stage Il with the National Capitol
Region (NCR) and other cities, man
dating requirements based on Euro-
pean Stage lll. Stage Il applicable t
India State from April 2010. Stage |
applies to the NCR and 11 cities fro
Apr 2010. Both India and NCR hav
adopted a modified test procedure
with a limit of 90 kph.

CENTRAL MOTOR VEHI-
e@hES RULES, 1989 (EX-
TRACTS)

-Latest amendment Notificatio
No. GSR 207(E) dated April
al0, 2007

\Y4
m

Regulation Name:
INDIA EMIS-
SIONS FORECAST
n- LIGHT DUTY

OBD Require-
ments

The Bharat Stage IV requirements 4
amended to mandate OBD. OBD is
applied in 2 phases, with the OBD
thresholds (identical to the Europea
Stage Il / IV thresholds) being ap-
plied at the second step.
VEHICLES AFFECTED: All Light
Duty Vehicles (M&N) GVM <=
3500kg

rdraft BS-1V, CMVR draft 2006

Regulation Name:
Bharat Stage IV -
proposed inclusion
of OBD

Noise Require-

Exterior noise requirements applical

p(8.S.R.849(E), Environment S

| Regulation Name:

ments from 1 Jan 2003, 1 July 2003 & 1 | No 56 dated 30 December 200RXTERIOR NOISE
April 2005 manufacture. REQUIREMENTS

Type Approvel — | Revised requirements for conversion Regulation Name:

CNG Vehicles and retro-fitment of Compressed TYPE APPROVAL
Natural Gas (CNG) systems. Appli- OF CNG VEHI-
cable from 19 May 2002. CLES

Regulation Number
NOTIFICATION
NO.853(E) 19 NOV|
2001

Exterior Noise

Drive-by & static noise, equivalent t
70/157/EEC as amended but includ
electric vehicles.

DUN ECE WP29
£S

Regulation Number
ECE-51.02 Suppl. §
Regulation Name:
EXTERIOR NOISE
- ECE Regulation

Diesel Emissions

System type approval of vehicles
equipped with diesel engines with

UN-ECE Regulation 24

Regulation Number
ECE-24 amended t

regard to the emission of pollutants jpy ECE-24.03 Supp. 2|
the engine. Static steady state test
used for type approval, with free ac- Regulation Name:
celeration test to give a reference DIESEL SMOKE
value for in-service testing. Choice of EMISSIONS
engine component approval, plus
vehicle installation approval, or in-
vehicle approval. Limits (absorption
coefficients) dependent on engine
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Regulation

Reference

Comment

size. See Regulation for details. Free

acceleration test result increased by
0.5-1 and marked close to vehicle
VIN plate.

[ Type Approval +
In-Service Com-
plience ]

Detailed regulations for type-approviaCMVR 1989 amended to GSH

and in-service compliance by all vehi589(E) 070ct05

cles in India.

DEFINITIONS (CMVR 2): Vehicle
category definitions are as for EU and
UN-ECE 1958 Agreement. Smart
Cards used in driving licences, etc.,
must be to ISO 7816 and CMVR
Annex XI.

X Regulation Name:
CENTRAL MO-
TOR VEHICLE
RULES
Regulation Number;
A03198

[ Type Approval +
In-Service Com-

The MoRTH (Ministry of Road

MoRTH
Transport and Highways) has issued a

Regulation Name:
Amendments to the

plience ] list of amendments to the Central CMVR
Motor Vehicle Rules (CMVR) based
on the SIAM Road Map and GSR Regulation Number;
172(E). Most changes introduce re- S.0 589(E)
guirements for construction equip-
ment and trailers.
3.1.6.2. EXHAUST GAS EMISSION
Implementation Dates of Euro Emission Specification s for

New Passenger Vehicles

2000 | 2001 | 2002 | 2003 | 2004 [ 2005 | 2006 | 2007 | 2008 | 2009 | 2010 |

India Euro | (Bharat )
(nationwide)

2000 —04/2005

Euro Il (Bharat I)
04/2005 — 04/2010

Euro 1l (Bharat I11)
04/2010 -

In cities| pelhi/ NCR*

Euro Il (Bharat I1)

Euro 11l (Bharat IIl)
04/2005

Mumbai

Euro | (Bharat I) | Euro Il (Bharat Il) |

Euro I1l (Bharat Ill)

04/2005
Kolkata and Euro I1l (Bharat Ill)
Chennai Euro | (Bharat ) | Euro Il (Bharat II) | 04/2005
Hyderabad /

Secunderabad, Kanpur,

Pune, Sholapur
and Surat Lucknow

Euro ll

Euro | (Bharat ) (Bharat Il)

Euro 11l (Bharat Ill)
04/2005

Agra,
Ahmedabad,
Bangalore

Euro | (Bharat ) Euro Il (Bharat II)

Euro Il (Bharat 1l)
04/2005

Note: *National Capital Region

(1) In India, Bharat norms are the equivalent of Euro norms.
(2) Areview in 2006 will determine nationwide specifications post-2010.

Fig. 3.1.6.2-1 Implementation Dates of Euro Emission Specifmadifor New Passenger
Vehicles.
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Driving Cycles:

Indian Test Cycle

140
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80 [

60

(km/h)

40

20

0 T T T T T T T
0O 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
(sec.)

Fig. 3.1.6.2-2indian Test Cycle.

Tab. 3.1.6.2-1Driving cycle summary.

Time (excl. soak) 1180 s

Distance m

Max. Speed 90 km/h

Ave. Speed km/h

Soak N/A

Gear shift (man) Fixed speeds
3.1.63. CQ

Automotive Industry (SIAM) is going to issue fudfieiency labels at the point of sale as well as
fuel economy brochures. The Indian Standing conemitif Sub committee on Emission under
MoSRTH has proposed GOmits. The limits are based on the kerb weight.

3.1.6.4. NOISE

Indian noise regulation is basically similar to ERE51.02 with the exception that the tyres need
to have 90% of the residual tread pattern depthileetin the ECE R-51.02.
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3.1.7. RUSSIA

3.1.7.1. EXHAUST GAS EMISSION

Since April 2006, all vehicles registered in theitery of the Russian Federation must comply
with the Euro Il emission standards. In termshef hext stage of requirements, a time Tab. has
also been adopted with Euro Il emission requireisiém be introduced on January 1, 2008, fol-
lowed by Euro IV emission requirements by Januarg01L0, and Euro V emission requirements
by January 1, 2014:

ECE R83/04 (Euro 2) since 1.1.2002
ECE R83/05 (Euro 3) from 1.1.2008 - draft
ECE R83/05 (Euro 4) from 1.1.2010 - draft
Euro 5 from 2014 — draft
3.1.7.2. NOISE
Vehicle Pass-by Noise according ECE-R51-02
3.1.7.3.  INTERIOR NOISE
According the national standard GOST 51616-2000
3.1.7.4. TIRE NOISE
According ECE-R117-00 with the enforcement date2D10.

3.1.7.5. CONCENTRATION OF HARMFUL SUBSTANCES INHE PASSENGER COM-
PARTMENT

According the national standard GOST 51206-98
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3.1.8. BRAZIL

3.1.8.1. EXHAUST GAS EMISSION

Testzyklen EURO IV
S L EURO Il CO (g/km) 1.0
e HC + N .
w L & EUROII CO (g/km) 23 HE + Nox (aRp
O @hkm) 232 HC + Mox (g/km) | N.A (g/km) 0.
= EUROI e PN G oS HC (g/km) 0.20 Nax (g/km) 0.08
1 CO (glkm} 2.7 He {gf’km)g NA Nox (g/km) 0.15 EVAP (gitest) | 2.0
’Q; HC + l:lox (g/km) | 0.97 Nox (g/km) NA EVAP (g/test) 2.0
53] HG (g/km) LA EVAP (gitest) | 2.0
— Nox (g/km) N.A
= EVAP (g/test) 2.0
—
Gasohol / Alkohol - Normen PL4 ST PLS X
sl CEHigfm) 20 | L {gka)J 0.3m
CO (a/km) 2.0 HC (g/km) 037 | |ipmHc (grkm) 0
5] HC (g/km) 0.3 NMHC (g/km) 016 | oy (grkm) 0154
Durability 30 k MG o NA :L: {g/km) 0.25% |aidehydes @ (gikm) | 0.02
URAUBAY SMam. ) Nox (g/km) 0.8 Idehydes @ (g/km)| 0.03 P.M. m{g/km) 0.05
& MO e e O i Aldehydes @ (gkm)| 0.03 |  [PM. oighm) | 0.05 | |evaPmigtest) | 20
~ HCHO - Formaldehyd P.M. ®(glkm) 005 | [EVAP®(gles) | 2.0
L;‘ z e | N.A. - Noi Aplicable EVAP @ (gitest) 2.0 @
1 3
)
P (17 - Aplicable for GNV {Natural Gas) Vehicles TIER Il
L i 2) - Aplicable for Gasoline or Ethanol Vehicles CO (g/km) 2.1
3) = Aplicable for Diesel Vehicles
(3) “THourHot Soak TIER| HC (g/km) N.A
( 5) -3 day diurnal plus Hot Soak CO (g/km) 2.1 NMHC (g/km) N.A
HC (g/km) N.A NMOG (g/km}) 0.04
NMHE (g/km) 0.16 HCHO (g/km) 0.009
NMOG (g/km) N.A Nox (g/km) 0.12
HCHO (g/km) 0.008 Aldehydes @ (g/km) | N.A
3 Nox {g/km) 0.25 P.M. ®{g/km) N.A
we | PL4 PL|5 Aldehydes @ (gikm)| N.A EVAP @ (g/test) 2.0 @
0% ' P.M. @ (glkm) 0.05
EVAP ® (gitest) | 2.0

3 oo g E ECTT)

Fig. 3.1.8.1-1 Exhaust gas emission legislation.

CONAMA Resolution No. 315/2002 PROCONVE L -5

Article 4 As of January 1st, 2009, the following maximum axdtamission limits for light duty
passenger vehicles (PROCONVE L -5) shall apply:

a) carbon monoxide (CO): 2.0 g/km;

b) total hydrocarbons (THC), only for natural gahicles: 0.30 g/km;

c) non-methane hydrocarbons (NMHC): 0.05 g/km;

d) nitrogen oxides (N@ for gasoline engines: 0.12 g/km;

e) nitrogen oxides (N for Diesel engines: 0.25 g/km;

f) aldehydes (CHO?*), only for gasoline engines @ptcnatural gas): 0.02 g/km,;

g) particulate matter (PM), only for Diesel engin@®5 g /km;

h) content of carbon monoxide at idling speed, dohygasoline engines: 0.50% vol.

Driving Cycle: FTP75.

3.1.8.2. NOISE

Targets CONAMA Resolution No. 272/2000 in line with/157/EWG
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Tab. 3.1.8.2-1Maximum noise emission limits for motor vehicles.

CATEGORY MNOISE LEVEL — dB(A)
DIESEL
DESCRIPTION OTTO Injection
Direct Indirect

a | Passenger vehicle up 74 75 74

to nine seats
b | Passenger vehicle with |PBT up to 2,000 kg 76 77 76

more than nine seats

Cargo or traction PBT between 2,000 kg

vehicle and and 3,500 kg 77 18 77

multi-purpose vehicle
¢ | Passenger vehicle or | Maximum pc:werlcwer

multi-purpose vehicle |than 150 kW (204 HF) 78 78 78
with PBT exceeding

3,500 kg
Maximum power equal
to or exceeding 80 80 80
150 kW (204 HP)
d | Cargo or traction Maximum power lower
wvehicle wath PBT than 75 kKW (102 HP) T Ir 77

exceeding 3,500 kg

Maximum power be-
tween 75 kW (102 HP) 78 78 78
and 150 kW (204 HF)
Maximum power equal
to or exceeding 80 80 80
150 kW (204 HP)

3.1.9. AUSTRALIA

3.1.9.1. EXHAUST GAS EMISSION

ADR 79/02 Emission Control for Light Vehicles (MditN) 3,5 t gross vehicle weight.
Alternative Standards:

ECE R- 83, Revision 3, incorporating the 05 sesiemmendments and all amendments up to and
including Supplement 1 to the 05 series of amendsnen

Tab. 3.1.9.1-1 ADR 79/02 Emission Control for Light Vehicles (ivhd N) 3,5t gross
vehicle weight.

Date Date Emission standard
New vehicles All vehicles
Gasoline 01.01.2003 01.01.2004 Euro 2
Gasoline 01.01.2005 01.01.2006 Euro 3
Gasoline 01.07.2008 01.07.2010 Euro 4
Diesel 01.01.2006 01.01.2007 Euro 2
Diesel 01.01.2006 01.01.2007 Euro 4
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3.1.9.2. NOISE
ADR 83/00 — External Noise

Alternative Standards:

For M and N category vehicles, the technical rezqugnts of United Nations Economic
Commission for Europe Regulation No. 51 Uniform\#smns Concerning the

Approval of Motor Vehicles Having at Least Four Vélsewith Regard to Their Noise
Emissions, incorporating the 02 series of Amends)art to and including corrigendum

1 to supplement 3 to the 02 series, are deemee ¢églivalent to the technical requirements of
this vehicle standard

3.1.9.3 FUEL CONSUMPTION
ADR 81/02 —Fuel Consumption Labelling for Light ieles

Alternative Standards:

The fuel consumption values and carbon dioxide gionms values declared for the vehicle by the
manufacturer in accordance with the requirements R€L01, Revision 2 — Amendment 1, in-
cluding all amendments up to and including Supplarieare deemed to be equivalent to the
fuel consumption values and carbon dioxide emissi@iues specified for that vehicle

in clause 4.3 of this vehicle standard.

3.1.10. STANDARDS

ISO 14021

ISO 14040/44

[ISO 14020, 14062]
ISO 22628

< further input expected >
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3.2. TOOLS FOR A HOLISTIC APPROACH

With regard to the analysis of the available litera it has to be stated that a large number of
references, links and information concerning EFX ba located. Often the titles of the articles
or of the websites include ambitious keywords lilegficiency of cars’, ‘global warming’, ‘al-
ternative fuels’, ‘sustainability’, ‘energy consutigm and the correlating emission of greenhouse
gases’, ‘well to wheel analysis’, ‘lifecycle asseesnt’ and so on. But the very most of them do
not cover detailed information about the variougureements which EFV have to meet in gen-
eral nor do the articles comprise concepts howssess the environmental friendliness of cars in
particular.

Since no comprehensive concept that comprisesfalencing factors is available to evaluate if
a vehicle is an EFV so far, the relevant issueardgg the environmental friendliness of cars
have to be screened and analysed separately intorgeovide the best basis for the feasibility
analysis regarding the development of a holistircept to determine and classify EFVs.

Before going into detail about the findings contegnEFV a clear distinction between the the-
matic priorities of the sources / literature is e&sary. There are several main categories of in-
fluencing factors which affect EFVs. These categgconcern particularly the energy consump-
tion and exhaust gases emissions of EFV with regard

the environmental impact of production, use angakg of the vehicle: lifecycle considera-
tions (LCA)
the efficiency of fuels for road transportation:le-wheel (WTW) considerations

The analysis is often broken down into stages sisch
- pre-chain of the energy provisioning and supplgtl-to-tank (WTT) considerations
- operation of the vehicle: tank-to-wheel (TTW) saterations

3.2.1. WELL TO WHEEL APPROACHES

3.2.1.1. EU STUDY “WELL-TO-WHEEL ANALYSIS FOR FUTUR AUTOMOTIVE FU-
ELS AND POWERTRAINS IN THE EUROPEAN CONTEXT” BY EU-
CAR/CONCAVE/JRC [2]

EUCAR, CONCAWE and JRC (the Joint Research Centrheé EU Commission) regularly
publish a joint evaluation of the Well-to-Wheelseggy use and greenhouse gas (GHG) emis-
sions for a wide range of potential future fuel goavertrain options relevant to Europe in 2010
and beyond [2].

Aside from the above mentioned main study additlgprevo separate special reports were pub-
lished one concerning the well-to-tank concerns amel the tank-to-wheel aspects. Hence the
two topics WTT and TTW of the EUCAR/CONCAVE/JRC dyuwwill be covered separately in
the following.

WTT-Report
The report identifies the potential benefits ofsithiting conventional fuels by alternatives.
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For a well-to-tank analysis more than 100 pathwargsexamined regarding production, trans-
port, manufacturing, distribution and availabilaf fuels on a costing basis. Two scenarios are
calculated: One in which the alternative fuel watsaduced or expanded in 2010-2020 and one
2pusiness as usdaleference scenario.

As an energy carrier, a fuel must originate frofioran of primary energy, which can be either
contained in a fossil feedstock or fissile materaal directly extracted from solar energy (bio-
mass or wind power). Generally a given fuel carptmluced from a number of different pri-
mary energy sources. In the study all fuels amthgmy energy sources have been included that
appear relevant for the foreseeable future. THewong matrix summarises the main combina-
tions that have been included.

Tab. 3.2.1.1-1Primary energy resources and automotive fuels.

Fue
B .
il § == e ﬂ
& Ly
= o i}
:1| m 15 hl 1: - = :.._ I‘\Ir "" |h
2 2al . Sl £ ' i =
=T L i N ':' = oo !.l_l ) & - = 21
Resource o g2l = i =& |5% 8 = £, : = T &
[ L ] I = ko | [} LLI =] Li =
Crude oil X
Caal sl x w X kY
Matural gas Piped X wit X ¥ X x
Remote A x AR ¥ X . X
LPG Remote™ X X
Biomass Sugar beet x I
Wheat x X
Wheat siraw x
Sugar cans X
Rapeseesd X
Sunflower X
Woody waste X X X X X
Farmed wood X X X X X X
Organic waste x@ x
Elack liowor X X X X X
Wind X
Muclzar X
Electricity X
Phwtinewtinout CO, capture and BEqUESTAIoN

' Zingas
A aszaciated with natural gas productizn

TTW-Report
In this study the fuel consumption respectively tineenhouse gas emissions ¢-OH,, N,O)

of conventional and alternative fuels as well asvgrtrain options were compared. But the
study was not carried out with real vehicles. Th&s rather done on a virtual basis. For this
purpose a fictitious vehicle (similar to a VW Gaoffodel) was considered to be the vehicle of
comparison. The required data were calculated &gn® of computer simulation on the basis of
the NEDC. Taking customer preferences into accthiatvehicle also had to meet some mini-
mum requirements concerning e.g. maximum speedoaieration.

The study is mainly addressed to future developroéritiel and powertrain options (as from

2010). More detailed information about the bagsutts of the study are summarised in the
main report.
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To establish comparability a common vehicle platfaepresenting the most widespread Euro-
pean segment of passenger vehicles (compact 5-§aatgpean sedan) was used in combination
with a number of powertrain options (see Tab. 31221).

Key to the methodology was the requirement forcalhfigurations to comply with a set of
minimum performance criteria relevant to Europeast@mers while retaining similar character-
istics of comfort, driveability and interior spaceAlso the appropriate technologies (engine,
powertrain and after-treatment) required to convpilyr regulated pollutant emission regulations
in force at the relevant date were assumed to stalied. Finally fuel consumptions and GHG
emissions were evaluated on the basis of the duEw@pean type-approval cycle (NEDC).

Tab. 3.2.1.1-2 Automotive fuel and powertrain options covered by
EUCAR/CONCAWE/JRC study.

Powertrains PISI DIsI DICI | Hybrid | Hybrid | Hybrid FC Hybrid | Ref +
PISI | DISI | Dicl FCc | hyb. FC
Fuels
Gasoline 2002 2002 2010+ | 2010+ 2010+
2010+ | 2010+
Diesel fuel 2002 2010+ 2010+
2010+
LPG 2002
2010+
CNG Bi-Fuel 2002
2010+
CNG (dedicated) 2002 2010+
2010+
Diesel/Bio-diesel blend 2002 2010+
95/5 2010+
Gasoline/Ethanol blend 2002 2002 2010+
95/5 2010+ | 2010+
Bio-diesel 2002 2002
2010+ 2010+
DME 2002 2010+
2010+
Synthetic diesel fuel 2002 2010+
2010+
Methanol 2010+
MNaphtha 2010+
Compressed hydrogen 2010+ 2010+ 2010+ | 2010+
Liﬂuid hydrogen 2010+ 2010+ 2010+ | 2010+

PISI: Port Injection Spark Ignition

DISI1: Direct Injection Spark Ignition

DICI: Direct Injection Compression Ignition
FC: Fuel cell

The study is mainly addressed to future developroéritiel and powertrain options (as from
2010). More detailed information about the bagsuitts of the study are summarised in the
main report.

Results of EUCAR/CONCAWE/JCR Study

General observations and general remarks
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- Both fuel production pathway and powertrain efficig are key to GHG emissions and en-
ergy use.

- A shift to renewable/low fossil carbon routes mdfgioa significant GHG reduction poten-
tial but generally requires more energy. The dpepathway is critical.

- Results must further be evaluated in the contextobime potential, feasibility, practicabil-
ity, costs and customer acceptance of the pathimagstigated.

- A shift to renewable/low carbon sources is curgeafpensive.

- GHG emission reductions always entail costs buh ltigst does not always result in large
GHG reductions

- No single fuel pathway offers a short term routéitgh volumes of “low carbon” fuel

- A wider variety of fuels may be expected in the kear

- Advanced biofuels and hydrogen have a higher pealefdr substituting fossil fuels than
conventional biofuels.

- Optimum use of renewable energy sources such asas®and wind requires consideration
of the overall energy demand including stationgpligations.

The model vehicle is merely a comparison tool andat deemed to represent the European
average, a/o in terms of fuel consumption.

The results relate to compact passenger car apphsa and should not be generalized to
other segments such as Heavy Duty or SUVSs.

No assumptions or forecasts were made regardingdtential of each fuel/powertrain com-
bination to penetrate the markets in the futurethe same way, no consideration was given
to availability, market share and customer accegan

The study is not a Life Cycle Analysis. It does nontsider the energy or the emissions in-
volved in building the facilities and the vehicles, the end of life phase. Other environ-
mental aspects such as HC/MCO (Summer smog / Acidification), lands use, ate also
not addressed.

3.2.1.2. EU-PROJECT: CLEANER DRIVE

The2Cleaner Drivé-project [12] was part of a 5th FP European projg@he Goal otCleaner
Drive? was to develop a robust methodology for a velea@ronmental rating for the Commu-
nity. Based on a well to wheels approach the rapkonsiders:

Greenhouse gases (@H;, N>O, Oy)
Air Pollution (CO, NQ, NMHC, SQ, PM10)

Sources for the used data comprise type approvalastel data from the EU-Project “MEET".
Belgian Ecoscore

In 2004 the “Cleaner Drive” rating concept was canggl with another similar rating method
called “Ecoscore” [13, 14]. As “Cleaner Drive” thecoscore” rating is based on a scale of 0 —
100 but it was developed for the capital regiorBnissels and there is a slight difference in the
exhaust gas components which are ranked (e.g.ré@nigouse gas componeng i® not moni-
tored and instead of NMHC the total HC is calcudxte Moreover in the Ecoscore rating the
iIssue noise is taken into account. The emissioasvaighted with different weighting factors.
Ecoscore also uses type approval data and stdbeafrt data, based on the EU-Project
‘“MEET".
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As a result of this comparison it could be seeat Hoth ratings are robust and indicate similar
results. In the meantime an update of the Ecosetirey was performed. The weighting factors
are now suited for a mix of urban and extra urbavirenment, where the first version of Eco-

score was targeted more towards an exclusivelynugbaironment (eg. the damage to buildings
was excluded in the update). Some pollutants wareved (eg. aromatic compounds), and the
update uses external costs (ExternE) to expredaibeect on air quality.

An overview of the current Ecoscore methodologshiswn below.

Step 1: Inventory
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i

Step 1: Classification

(direct) (indirect)
Regulated Emissions Global Warming \\
+ o + o a
= NO *  NOyx [ |
Ol s TC = '
+ M * PM Eiey Air Quality
5 Ej, indi
MNon-regulated Emssions & H\:_h EJ J?_mmﬂ
00, L e Human Health ., direct
v N0 O -
—r —r —»
\ * 50, *+ S0 /'_ 1 K 4| Ecosystems
H
i
—L :
Indiraet emizsion H
[- Fuel consumption ]—P factors E
! Noise
| | | G
Toise emizsion [
[ - | i /J
Step 3: Charcterization + Step 4: Normalisation . Step 5: Weighting
i i
| |
E_,i, indirest i i
}-__,i, direct .
Partial Dy
Damage ¥D.. ¥Ya..q;
|::> ] . [y =¥ ; ~0;.q; —> Toral
Calculation T
mpact
| |
. i i
O, indirect : Oirer : a;
Oij, direct | i

E [ Reference vehicle J : Weighting factors o ]

Fig. 3.2.1.2-1Environmental rating of vehicles with differenefa and drive trains [13].

For communication purposes towards a broad publgjmportant to use a score that is easy to
understand. That's why the total impact (TI) isygsBrmed into a score ranging from 0 to 100, 0
representing an infinitely polluting vehicle anddli@dicating an emission free and silent
(40dB(A)) vehicle. The reference vehicle corresmotadan Ecoscore of 70. The transformation
is based on an exponential function (see figurel221), so it can not deliver negative scores.
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Fig. 3.2.1.2-2......

Ecoscore is used in the three Belgian regions @@allRegion, Flemish region and Brussels
Capital region). For information purposes a biliabwebsite (Dutch/French) is developed:
www.ecoscore.heThis website gives rankings, the ecoscore gbadlsenger cars and allows you
to calculate the ecoscore of your car based oritiiesions from the coc (certificate of confor-
mity) of your car. Ecoscore is also used in therfié Region for purchasing reasons, as well as
cars purchased by the Flemish region as cars psgdHay municipalities. Also the federal gov-
ernment and the Brussels region plan to used eeossopurchasing tool. The Flemish region is
also planning to reform registration tax and anmediicle tax based on the ecoscore of the car.

3.2.1.3. CONCEPT FOR AN ENVIRONMENTALLY FRIENDLY VEICLE (EFV)
FROM TNO [BASED ON EFV-02-05] [14]

Starting from the point that the whole chain (WTWalysis) has to be considered when vehicles
are assessed concerning their environmentallydlieess this approach is focused on two key
aspects: energy efficiency and £€missions which both have to be included into dbksess-
ment of EFVs. The TNO concept proposes a separatto a part related to the fuel side and a
part related to the vehicle side. For the fueésttie fuel production or fuel type are considered
by means of C@emissions or carbon content from well to wheet,pet of energy at the tank.
For the vehicle side, the main attribute is thegyefficiency of the vehicle.

In order to evaluate EFVs, the two key aspectsggnefficiency (EE) and COemissions need
to be combined. However, it would help to cleapensibilities (and therefore facilitate imple-
mentation) if it would be possible to separate folghracteristics form vehicle characteristics.
This concept is visualised in the following graph:
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Fig.: 3.2.1.3-1:.......

For the concept of the EFV, the following choices jproposed:

- focus on passenger cars first

- pollutant emissions need a minimum standard (eg @ubut could depend on region)
- Focus on well-to-wheel C{emissions and energy efficiency

- A EFV criteria should be technology neutral

How to evaluate vehicles as EFV, needs to be cermidn more detail; possible ways include:

500 - Average FUEL (default values)
wTwco2 |
[gmy] .~ , 100 g/km
400 SN g
e
—e— Petrol E10
300 . —m— Diesel B10
CNG
200 '|“ H L O t =t Electric
% / —#— Hydrogen
[ iy o X .
100 e —— 5
TeslaSC Priue AvorEge . .
0 . . . TTW Energy
0,00 1,00 2,00 3,00 4,00  [MJ/km]

Fig.: 3.2.1.3-2: WTW CQG, emissions versus TTW energy efficiency, but it thesdisadvantage
that WTT energy efficiency is not included.
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Fig.: 3.2.1.3-3: WTW CQ, emissions versus WTW energy efficiency, but tleadvantage is
horizontal axis is not independent (of the fuelrelsteristics).

Conclusion:

The type of criteria (for EFV) determines the mesitable graph. Therefore it is needed to fur-
ther investigate the most suitable criteria for BE&V concept. It would be useful to compare
more example vehicles to understand better the-toéd.
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3.2.2. LIFE CYCLE ASSESSMENT (LCA)
3.2.2.1. GREET Model (DOE USA) [17]
The U.S.Argonneresearch centre has developedaBeeenhouse Gases, Reqgulated Emissions,

and Energy Use in Transportation Mod@&IREETY} sponsored by the U.S. Department of En-
ergy (DOE). GREET considers the full life-cyclevahicles combining two platforms:

The fuel-cycle module (well to wheels analysis rdgey resource extraction, fuel produc-
tion, transport, storage, distribution and markgtnd vehicle operation)

The vehicle-cycle module (regarding the energy emdssion effects associated with vehi-
cle material recovery and production, vehicle congra fabrication, vehicle assembly and
vehicle disposal/recycling)

For a given vehicle and fuel system, GREET canutaile:

Consumption of total energy (energy in non-renewanld renewable sources), fossil fuels
(petroleum, natural gas and coal together), patm]ecoal and natural gas.

Emissions of C@equivalent greenhouse gases - primarily carboridgo(CQ), methane
(CH,) and nitrous oxide (pO).

Emissions of six criteria pollutants: volatile ongacompounds (VOCs), carbon monoxide
(CO), nitrogen oxide (N¢), particulate matter with size smaller than 10 nomc(PM10),
particulate matter with size smaller than 2.5 micf@M2.5) and sulphur oxides ({0

GREET can simulate more than 100 fuel productiaiyays and more than 70 vehicle / fuel
systems. The GREET software is available at nogeha

For purposes of complying with the California LowarBon Fuel Standard regulation, a regulated
party must choose one of the methods (Method 1 ethdt 2) for determining its fuel's carbon
intensity value. Method 1 uses the California-nfiedi GREET model (version 1.8b).

3.2.2.2. ACEEE’s Green Book (US) [18]

The AmericanCouncil for anEnergyEfficient Economy(ACEEE) publishes &Green Book —
The Environmental Guide to Cars and Trucks, an ahonansumer-oriented guide providing
environmental rating information for every new mbdethe U.S. lightduty vehicle market
The Green Book is based on principles of lifecyamdsessment and environmental economics.
Three areas are examined:
. Manufacturing of vehicle
ACEEE uses statistics, which estimate the averagsseon of each pollutant per unit of
vehicle weight. These are multiplied by vehiclesshécurb weight) and divided by average
vehicle lifetime mileage.
Tailpipe emissions (CO, HC, NOPM)
ACEEE adds adjustment factors to the emission ataisdo which a vehicle is certified,
considering that emissions can be higher in realdadriving.
Fuel economy data
Fuel economy data include all emission rates ddedblifecycle.
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For assessing environmental harm done by eachtaot|uhe associated costs to society are es-
timated. Adding all these results leads to an Eemvnental Damage Index (EDX). The EDX is
converted to a Green Score on a scale of 0-10Gdnebtier class ranking is performed (Supe-
rior, Above Average, Average, Below Average anctiir).

The vehicles are listed in the categories:
Best of the year (greenest models in each vehiats)
Greenest Vehicles of the year (highest Green Sawesll)
Meanest Vehicles of the year (worst Green Scoresadly

As a result of the used methodology, most of treselipowered vehicles score “Inferior” be-
cause of their amount of NO

In addition to this, further findings concerningchuconcepts are specified in the literature list,
chapter 6. Notably [19] and [20] are worth menti@i

3.2.2.3. LIRECAR PROJECT ]

Background

Guidelines for performing automotive LCA were e$isdied by a dedicated LCA working group
of the EuropeanCouncil for AutomotiveR & D (EUCAR) [19]. In a EUCAR research project
cofinanced by the European Commission's researafrgm for ‘competitive and sustainable
growth'. This specific screening LCA project loaktdlight andrecyclablecars' (LIRECAR) in

a generic way, i.e. not one specific vehicle desigh its specific processes.

One guiding principle of this project was the invahent of all affected Life Cycle stakeholders
from the very beginning. In an advisory grouplédl cycle stages are virtually represented by
stakeholders. This has been seen to be impodartié acceptance of the study results, as well
as for enabling an optimal exploitation of the stednclusions throughout the life cycle; group
members included:

Material & Part Suppliers: PlastiEsrope (former APME), Eurometaux, European Alu-
minium Association (EAA), European Association aitdmotive Suppliers (CLEPA), In-
ternational Iron and Steel Institute (11SI), Intational Magnesium Association (IMA),
Automotive Manufacturers: Adam Opel AG, Centro Rote Fiat S.C.p.A, DaimlerChrys-
ler AG, Ford-Werke AG, Regienov Renault, Volvo @arporation, Volkswagen AG,
Environmental Non-Governmental Organisation (NG&jends of the Earth,

Research: Institute for Prospective Technologitatifés, Joint Research Centre, European
Commission (JRC IPTS),

End-of-Life: European Ferrous Recovery and Recygchederation / European Shredder
Group (EFR-ESG).

The description of LIRECAR is taken from [ ]

Approach

The goalof the LIRECAR Project is to identify and asseggtiveight design and End-of-Life
options from a pure environmental point of viewabhfe cycle basis. The goal of the study im-
plies a comparative assertion of these options. @thgr aspects (besides life cycle, lightweight
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concepts and recycling issues) are out of the godlscope of the study. In particular, changes
in safety or comfort standards, propulsion improgata for CQ or user behavior and accep-
tance are out of the scope. The purpose is ngenerate a general LCA/LCI data model but to
answer specific questions including:

What are the environmental impacts of lightweighsign options?

What is the importance of the EOL phase relativether life cycle phases?

What are the impacts of End-of-Life technology &tan in the overall environmental pro-
file?

In the LIRECAR Project, the system under considanatonsists of three different sets of main
vehicle scenarios. 1000 kg reference vehiclesdrni@trange of today's End-of-Life, midsized
vehicles produced in the early 1990's) and 2 ligig¥wt scenarios of 100 kg and 250 kg reduced
weight (scenarios called 900 and 750, respectiviedged on reference functions (in terms of
comfort, safety, etc.) and vehicle concept. Thenados represent, by their material break-
down, a broad variety of theoretical lightweightagtgies — in fact up to 7 vehicle concepts are
aggregated in the range of one vehicle scenarlte réference vehicle scenario has been set to
ELVs (End-of-Life Vehicles) of today (produced met1990's).

The functional uniis defined as follows: a European, compact-sizeé;door gasoline vehicle
for 5 passengers including a luggage compartment,adl functions of the defined reference
scenario with a mileage of 150,000 km over 12 yeaomplying with the same emission stan-
dards.

The system boundarig@sclude the whole life cycle from raw material exdtion to the final re-
cycling / disposal stage (Fig. 2.2-1). Howevere do the goal of LIRECAR and the complexity
of the car as a system, everything is outside ys&es boundaries that is too company and de-
sign specific or associated with no significantiemvmental burden (further details in Schmidt
et al 2004).

Results

In the Fig.s (Fig. 3.2.2.3-1), the grey part in bwtom of each column stands for the potential
environmental impacts of the production phase. hiithis grey colored section the part below
0 per cent represents the credits given for pradoicthe recycling phase. So, the absolute value
of both sections in total indicates the potentaienmental impacts of the production phase
without giving credits for EOL products (no useretycled materials in production). Looking at
the basic scenario with the extreme End-of-Lifeuagstion of recycling for shredder residue, the
positive impact of recycling (credit minus EOL ems) remains clearly below 10 per cent
(often even below 3 per cent) for all impact catezg with few exemptions, while the share of
the use phase is mainly 90 per cent or higherhferbiasic scenario. Only for total waste is the
recycling credit the dominant factor, while the ydese share is around 50 per cent. Interest-
ingly, most of these shares are very similar far dther EOL scenarios (no recycling or energy
recovery of shredder residue).
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Fig. 3.2.2.3-1 Shares of different life cycle stages lookingldferent scenarios (8 examples for
scenarios detailed in (Schmidt et al 2004)— oleasitivity results may show dif-
ferent results; minimum or maximum values for diéig LCIA parameters are
not necessarily referring to the same vehicle caitiom per cent of max refer-
ence).

A major challenge of most LCA studies is to con@enB available data without getting non-

transparent for the individual scenarios and immatégories. Here, the objective is to deter-
mine whether the lightweight or End-of-Life techogy variations are relevant for the different

environmental categories. This should be only kater] where a significant difference between
lightweight or End-of-Life scenarios can be found@herefore, the question concerning which
differences in the results of the lightweight andliof-Life scenarios are actually significant has
to be addressed considering relevant scenariosnglteey assumptions (see Tab. 3.2.2.3-1 for
the definition of changed key data). This is fanlifficult as there are no established statistical
methods to systematically determine the signifieaot LCA results. As a consequence, other
approaches to determine significance have to bkealppWithin LIRECAR, two different crite-
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ria for a significant difference are applied — tiréerion 'No overlap' between the ranges of the
material scenarios and the stricter criterion &#hce larger than material range'.

Tab.3.2.2.3-1.......
Tab. 3.2.2.3-2........
AP — Acidification Potential POCP — Photochemicaidant Creation Potential
EP — Eutrophication Potential ADP — Abiotic Res@ubrepletion Potential
ODP - Ozone Depletion Potential Haz W — Hazardoast@/

Looking at the three main questions, the followtogclusions are drawn by LIRECAR:
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3.2.2.4. LCA CONCEPTS FROM VEHICLE MANUFACTURERS

The methodological details in applying the life leyconcept are not fully aligned between the
vehicle manufacturer reflecting different vehickgments, approaches, target groups etc. Com-
parability is only given within one study. LCA’srfpassenger vehicles require several simplifi-
cations and data estimates. The complex informatay lead to confusion and mis-leading
conclusions by customers and regulators. AggregatioLCA results to a single-score is not
allowed according to 1ISO14040 (no scientific bdsrssingle-score/biased weighting).

Mercedes[20]
Mercedes uses Life Cycle Assessments to comparéatbst models with their predecessors.
These are based on ISO 14020, 14021, 14040, 1404249062. The examined areas are:
Vehicle Production
Fuel Production

Operation (covered distance: 150 000 km in NEDC)
Recycling

The selected parameters are:

Fig. 3.2.2.4-1 Selected parameters from Mercedes LCA.
The results of the Life Cycle Assessment have beefied and certified by TUV SUD.

Mercedes awards its analysed cars with an Enviroteh€ertificate (Umwelt- Zertifikat).
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VW [21]

VW also uses life cycle assessments in accordanbd 80 1440/44 to compare the latest mod-
els with their predecessors. The following areasessamined:

Engine / transmission manufacture
Vehicle manufacture
Fuel supply

Driving emissions (covered distance: 150 000 kiNHDC)
Recycling

In a Life Cycle Inventory, data is collected foirpary energy demand as well as for emissions
of CO,, CO, SQ, NO,, NMVCO and CH.

Fig. 3.2.2.4-2Life Cycle Inventories VW.

Furthermore a Live Cycle Impact Assessment is nameerning Global Warming Potential
(CO; equivalents), Photochemical Ozone (Ethene-equits)eAcidification (SO, equivalents)
Ozone Depletion (R11-equivalents) and EutrophicatQ- equivalents).
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Fig. 3.2.2.4-3Comparison of environmental profiles of golf diesars (relative).
The results of the Life Cycle Assessment have beeified and certified by TUV NORD.

To provide interested parties with detailed infotiora about the environmental performance of

its vehicles and technologies, VW uses Environme@t@ammendations (so-called “Umwelt-
pradikat”).
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Volvo Cars’ Environmental Product Information [22]

Volvo Car publishes an Environmental Product Infation for its vehicles. Information about
environmental management, production, useful liid aecycling are provided in a life cycle
diagram:

Fig. 3.2.2.4-4Life Cycle Diagram Volvo.

updated 08/04/2009 71



Ford of Europe’s Product Sustainability Index[23]

Ford uses Life Cycle Assessment (LCA) certifiediagalSO 14040 series to compare a vehicle
with its predecessor respectively the industrygrentince along the vehicle and fuel life cycle.

Fig. 3.2.2.4-5 Comparison of environmental profiles of Ford G&ldcurrent vs predecessor),
and Ford S-MAX.

In spite of its complexity LCA is not comprehensemough. Therefore, Ford broadens the LCA
assessment to a “Product Sustainability Index” @igfirsg other environmental aspects and put-
ting them into perspective looking also at socierad life cycle cost items (Fig 3.2.2.4-6). The

methodology might be further developed and is cetepl by indicators for other company areas
(e.g. manufacturing etc.).

Fig. 3.2.2.4-6Indicators of the Ford Product Sustainabilitydrd
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3.3. ASSESSMENT CONCEPTS

It has to be taken into consideration that theifigd within the literature review carried out are
addressed to different target groups. Some souradiles are focussed on measures related to
e.g. benefits for users of EFVs (for instance: oeduor no charges to enter cities (city-toll) and
financial / tax incentives) and other articles perspecific purposes of consumer information
such as labelling concerns or eco-ratings. Therladke into account at least €€missions /
fuel consumption or possibly even pollutant emigsiand sometimes noise emissions as well.
Although noise plays an important role it is nohsilered as a major concern within these find-
ings.

3.3.1. CONCEPTS AND RANKINGS FROM PUBLIC AUTHORITE

This chapter includes some examples. Further césicaml programs based on governmental
initiatives in order to provide the users with ket information benefits. This was not exam-
ined within a greater extent within this study unow.

3.3.1.1. ENVIRONMENTAL PERFORMANCE LABEL FROM CARB

In California all new cars beginning with the 200@del year are required to displayZ&nvi-
ronmental Performangdabel (EP label) [24], providing #&5mog Score and a2Global Warm-
ing Scoré — each having unique environmental impacts.

The EP label scores a vehicle’s global warming mdg emissions from 1 — 10 (in each score)
with the highest scores being the cleanest vebjai®ns.

Fig. 3.3.1.1-1 Environmental Performance.

The global warming score reflects the emissiongreénhouse gases from the vehicle’s opera-
tion and fuel production. It is based on the sdmehicle’s greenhouse gas emissions which are
identified as the C®equivalent value. The measured emissions incLat®on Dioxide (CQ),
Methane (CH), Nitrous Oxide (MO) and emissions related to the use of air comdiitp  The
global warming score ranks each vehicle’s &Quivalent value on a scale of 1 - 10 (10 being
the cleanest) relative to all other vehicles wittiie current model year. The scores are also
properly adjusted to reflect the contribution oégmhouse gas emissions from the production
and distribution of the fuel type used.
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The corresponding Tab. shows the 10,@Quivalent levels. The average vehicle available i
California today will get a global warming scoremof

Tab. 3.3.1.1-1Global warming score and G@quivalent levels.

Global Warming Score COy-equivalent

Grams per mile

10 Less than 200

9 200 — 239

8 240 — 279

7 280 — 319

6 320 — 359

5 360 — 399

4 400 — 439

3 440 — 479

2 480 — 519

1 520 and up

Tab. 3.3.1.1-2Smog Score and pollutant levels of non-methargarac gases (NMOG) and
oxides of nitrogen (N¢).
NMOG + NO
Gram per mile**
10 0,000
o* 0,030
0,030
0,085
0,110
0,125
0,160
0,190
0,200
1 > 0,356
* A smog score of 9 was given to vehicles certifytot he California PZEV and ATPZEV
standards based on the longer useful life, zerpaadive emissions requirements, and ex-
tended warranty for these vehicles compared tocleshtertifying the SULEV standards.
** Does not include upstream emissions

Smog Score

N[00 |00

The Smog Score is based on the smog forming ems$iom the vehicle’s operation and ranks
the pollutant levels of non-methane organic gab®@G) and oxides of nitrogen (NQ rela-
tive to all other vehicles within the current moglebr. Again the scores will be on a scale from
1 — 10 with 10 being the cleanest. And again trexage vehicle available in California today
will get a smog score of 5.

These scores compare emissions between all vettadses and sizes with the average new car
scoring 5 on both scales.
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3.3.1.2. GREEN VEHICLE GUIDE FROM THE AUSTRALIAN GZERNMENT

The Green Vehicle Guidg5] is an Australian Government Initiative andbigsed on tailpipe
emissions. Two categories are separately weighted:

Greenhouse Rating (weighting 50 per cent)
The Greenhouse Rating rests upon the @dission value
Air Pollution Rating (weighting 50 per cent)

The Air Pollution Rating rests upon the Australemission standards but a precise distinction
into two stages is applied. Stage 1 covers thedlution ratings applicable in 2004 and 2005
and stage 2 those applicable from 1 January 2006.

Due to the large sized Tab.s concerning stage 1stag® 2 ratings only some stage 2 data are
depicted below, however the logical configuratisithe same in stage 1.

Tab. 3.3.1.2-1Greenhouse ratings and €Bmissions.
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Tab. 3.3.1.2-2Stage 2 Air Pollution Ratings.

updated 08/04/2009

76



An overall star rating is generated by combining Paollution Score and Greenhouse
Score:

Fig. 3.3.1.2-1 Overall star rating.

3.3.1.3. GREEN VEHICLE GUIDE FROM US EPA

The Environmental Protection Agency (EPA) also miitds &Green Vehicle Guide[26, 27]:
The Guide is designed for cars and trucks and gesvihe user with information about:

Air Pollution

A score from 0 to 10 reflects vehicle tailpipe ssiwns based on US and California emis-
sion standards:

Fig. 3.3.1.3-1Air Pollution Score.
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Fuel Economy

Starting in model year 2008, EPA tests vehiclesumning them under real world condi-
tions. Effects of faster speed and acceleratianc@ditioner use and colder outside tem-
peratures are considered in additional driving eycl

City: Represents urban driving, in which a vehicletéted with the engine
cold and driven in stop-and-go rush hour traffic.

Highway. Represents a mixture of rural and interstate vagghdriving with a
warmed-up engine, typical of longer trips in frémafing traffic.

High Speed Represents city and highway driving at higheresisewith more ag-
gressive acceleration and braking.

Air Conditioning Account for air conditioning use under hot ougsicbnditions (95°F
sun load).

Cold Temperature Tests the effects of colder outside temperataresoldstart driving in
stop-and-go traffic.

Greenhouse gases

The approach reflects the estimates, consideringfegds in use of a fuel, from production
and refining to distribution and final use; vehiak@nufacture is excluded.

The chart (Fig. 3.3.1.3-2) shows the minimum fumremy (combined city, highway fuel
economy) for each fuel type at each GreenhouseSGae. The miles per gallon vary by
fuel type because each fuel has a different cacbotent per gallon. This means each fuel
creates different levels of G@missions per gallon. The overall GHG-scoringitesd to
the WTW emissions.

A score from 0 to 10 reflects the amount of £®&,0O and CH emissions. The score is

based on the methodology of the Department of BfeI@REET model. (The GREET
model is explained more detailed in chapter 3.2Qé&tegory Life Cycle Assessment)
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Fig. 3.3.1.3-2Greenhouse Gas Score Criteria.

Vehicles, which rate 6 or better on each of thénlsmores (air pollution and GHG) and have a
combined score of at least 13 are labelled withSheartWay designation and vehicles, which
rate 9 or better on each of the both scores asdléabwith the SmartWay Elite designation.

The scores can be used to compare all vehiclealantbdel years against one another. The best
environmental performers receive the SmartWay &hethich means the vehicles scores well on
both Air Pollution and Greenhouse Gas.

3.3.1.4. 2ECO-CAR CONCEPTS FROM SWEDEN

In some countries incentives are provided for uséenvironmentally friendly vehicles.

The legal basis for giving special subsidies depem regional or national action plans. The
demands that such vehicles have to comply withcoemprise diverse issues deriving from par-
ticularly tank-to-wheel or well-to-tank aspectsvesll as from LCA terms. The following con-
cept from Sweden [28] is an example for such arsehieuilding the basis for incentives.

At present (over a period from 01.04.2007 — 310292 in Sweden private persons get a sub-
sidy of 10.000 Skr (~ 1.100 €) for registrationaohew2eco-cat which meets certain environ-
mental requirements. For this purpose the Sweaghsiernment provides an amount of 250 Mil-
lion Skr. The definition of eco-cars is the folliog:
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vehicles with alternative fuels (e.g. ethanol):
energy consumption less than
-9,2 | fuel/100 km
- 9,7 m3 CNG/100 km
- 37 kWh electric energy/100 km
vehicles with conventional fuels (including hybnids
CO,- emissions less than
- 120 g/km
- and additionally for diesel-engined vehicles: RN mg/km

In addition there is a reduced taxation of compearg which are running on alternative fuels or
which are equipped with a particle filter in caded@sel vehicles respectively. In Stockholm
such cars are exempted from congestion charges. ilAsome cities and communities environ-
mentally friendly vehicles can park for free oraateduced price (or: at a cheaper rate?) if they
comply with the local requirements. In Sweden asimmum 85 per cent of the vehicles used
from public authorities must be ecocars.

3.3.1.5. JAPANESE ECO-RANKING SYSTEMS

Promoting the Widespread Use of Fuel-Efficient \¢éds

Auto manufactures in Japan made all-out efforsctueve early compliance with 2010 fuel effi-
ciency targets in response to consumer demando, #ie central government introduced tax
incentives for the purchase of low-emission and-&fgcient vehicles, which are designated as
such by means of an environmental performancefication system.

Japan’s Green Tax Scheme:
- Reductions on the Automobile Tax (introduced in 200
Reduction on the Automobile Tax are applied to-lawission and fuel-efficient vehicles.
(Note: 10 % surcharges on the tax are mandatediésel vehicles on the road 11 years
or longer, and for gasoline vehicles on the roageldd's or longer, since first registration)

Reductions on the Acquisition Tax (introduced i92p
Financial incentives are applied to the Acquisitibex for purchasers of low-emission
and fuel-efficient vehicles.

! The fuel consumption is calculated as for operatiith petrol since E85 test specifications areaatilable yet.
The lower caloric value of E85 results in highezlfaonsumption of about 30 per cent compared \aighgasoline
operating mode.
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Tab. 3.3.1.5-1CGO;, Reduction in Global Road Transp{Bburce: Reducin@€O, Emissions in the
Global Road Transport Sector (JAMA, August 2008)]

Emissions . Incentives
Fuel efficiency

Performance Automobil Tax Acquisition Tax
Compliant
+ 25 % compared t¢
2010 standards .| Amount deducted:
n 0 :
£ 50 % reduction ¥ 300,000
o
)
2
A Emission Compliant
g down by 75 % | *+ 15 % compared to
o
from 2005 stan- | 2010 standards o .| Amount deducted:
dards 25 % reduction| "y 50,000

Compliant with

. . 2015 standards
Compliance with

0 .
2009 Standard 2 % reduction

Heavy-Duty
Vehicles

Promoting Vehicles with Greater Fuel Efficiency dmaver Emissions [29]:

Vehicles with greater fuel efficiency help counggobal warming through their reduced emis-
sion of CQ, while vehicles with reduced tailpipe emissioniphmprove air quality. The Japa-
nese government has established one certificaisters for gasoline and diesel vehicles as well
as heavy-duty trucks and buses with advanced ftielemcy; another certification system for
gasoline and diesel (including heavy-duty) vehicld®se emissions performance is superior to
current regulatory levels for carbon monoxide (C¥rogen oxides (NQ, and particulate mat-
ter (PM); and a third certification system for tke@and buses that comply either with 2005 emis-
sion (including NQ and PM) standards or with the “long-term” or “nshort-term” regulatory
standards. To promote widespread public awaremiegshicles with advanced fuel efficiency
and/or low emissions, such vehicles are identifugti appropriately coded stickers.
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Fig. 3.3.1.5-1 Advanced fuel efficiency certification.
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Fig. 3.3.1.5-2Environmental performance certification for vdagwith low emissions.

Fig. 3.3.1.5-3Low NOy & PM emissions certification for trucks and buses.

3.3.2. ECO RANKING BY CONSUMER ASSOCIATIONS

Most of the screened articles reflect to the pugpmensumer information especially those with
regard to eco-ratings.

Currently there are only few references availabectv give some advice how an assessment of
environmentally friendly cars could be arrangedamk-to-wheel basis which are the major cri-
teria that vehicles have to fulfil in order to seavell in the corresponding lists ranking the envi-
ronmental friendliness. Due to the fact that tbelidy level of the articles diverges very much it
is beyond the question that the various assessoogitepts can always be described with the
same accuracy.
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Promising references with suitable information aun#lined below in detail. There one can find
in many cases precise descriptions of approachgésasic requirements concerning the-
posed evaluation concept for EFVs. The followimglings / concepts will thus be described
more detailed.

However, there is no common approach availablemeSBECO-rankings also include additional
vehicle data (e.g. use of recycled and natural madge noise, availability of start/stop or €O
calculator), others also include manufacturer aspgeg. availability of Environmental man-
agement system).

3.3.2.1. ECO-TEST ADAC /FIA

On behalf of FIA the so-calletEco-Test [30, 31] was developed from the German Automobile
Club ADAC. It was projected to enable the assessmithe environmental friendliness of new
cars. To ensure reproducible test conditions tbe-Eest is based on driving cycle measure-
ments on chassis dynamometers. Tests are cauteshdNEDC Cold Test, NEDC Hot Test and
on the ADAC Highway Driving Cycle (the latter tesicles are performed with the air condition-
ing switched on). Within this approach the envimemtal impact of passenger cars is assessed
in two different categories.

Fig. 3.3.2.1-1 Scheme of “Eco-Test” from the German AutomobilalCADAC.

Both categories (limited pollutants on the one sidd CQ-emissions on the other side) contrib-
ute with a share of 50 per cent to the overalhgatiThe Eco-Test awards up to 5 stars, derived
from the scores achieved for génd limited pollutants.

The rating of the C®emissions rests upon relative scales on accoutitfefent vehicle classes.
This allows a comparison of the results within gaia vehicle class.

Thus consumers have a direct comparing of competitdrating the vehicles on an absolute
scale would merely indicate that large cars wiltdhhigher emissions than smaller ones.
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ID | Vehicle class Example

1 | City (two seats)| Smart

2 | City Fiat , Peugeot 105, VW Lupo

3 | Supermini Fiat Punto, Peugeot 206, VW Polo

4 | Small Family Toyota Corolla, VW Golf

5 | Family BMW 3-series, Mazda 6, Opel Vectra, Toyatensis

6 | Executive Audi A6, BMW 5-series, Mercedes E-cldssugeot 607
7 | Luxury Audi A8, BMW 7-series, Jaguar XJ, Merce@eslass

Fig. 3.3.2.1-2Ranking list ADAC.

The rating of CQis due to the contribution of the NEDC Cold, NEBIGt and ADAC Highway
results with different weighting factors for thevatved cycles and based on seven vehicle
classes each with different thresholds.

Fig. 3.3.2.1-3Rating of CQ and vehicle classes.

In contrast to the class depending£&ting the assessment of the limited pollutants
(CO, HC, NG and PM) is independent of vehicle classes. Unitikbe emission
legislation the same criteria and emission levedsapplied to gasoline, diesel, natural
gas and hybrid power trains.

Fig. 3.3.2.1-4 Assessment of pollutants and vehicle classes.
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The rating is calculated on the basis of the peréorce in the NEDC cold and ADAC highway
cycle. The worst results in each cycle define gh#ution rating. For all cars — regardless of
whether a petrol or diesel engine, with or withdirect injection system — the same rating for-
mula is applied. Although conventional petrol em3 have no particle emissions detectdtfe.
gravimetric measurement no problem emerges withfthimula. As a direct consequence of the
formula conventional petrol vehicles will resulttire maximum score for particles.

3.3.22. VCD

Based on an expert’s report of IFEU, VCD [32, 38blshes a ranking list for cars with regard
to environmental concerns. The ranking list calfato-Umweltliste® is designed to inform the
consumers. The Auto-Umweltliste addresses ther@mviental impact of cars to four different
categories with a rating from 0 to 10 points inleaase, but the four distinct categories have
different shares of the overall appraisal.

The four categories affect:

COx-emissions (with 10 points relating to 60 g/km @&ngoints to 180 g/km; share of the
overall rating: 60 per cent)

noise (with 10 points relating to 65 dB(A) and Onte to 75 dB(A); share of the overall
rating: 20 per cent)

human burden from pollutants (NONO,, PM); share of the overall rating: 15 per cent
impact on the nature; share of the overall ratinger cent

The scoring of the two last mentioned categoriespies with the following pattern
which strongly depends on the exhaust emissiorestggro 4, Euro 5, Euro 6.

Fig. 3.3.2.2-1German VCD approach.

With regard to the category ‘human burden from ygalhts’ is has to be mentioned that within
this topic the three pollutants NONO, and PM have different weighting factors (NQ5 per
cent, NQ: 25 per cent and PM: 50 per cent).

The applied data were taken from information froghigcle manufacturers.
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3.3.2.3.  OKO-TREND INSTITUTE

Oko-TREND institute [34] awards an environmentatifieate for cars. In a holistic approach
the assessment is addressed to two focal pointsn.the one side the evaluation of the vehicle
(operation and equipment) which has a ratio of &aent of the overall rating and on the other
side the vehicle making and recycling of the vehigsith a share of 45 per cent of the overall
rating.

The several evaluation categories are:

operation / use of vehiclgontributes with 50per cent to the overall ra}ing
criteria are e.g.: fuel consumption, &@mission, pollutant emissions, noise emission

equipment of the cgicontributes with S5per cent to the overall rating)
criteria are e.g.: fuel consumption indicator, sstgrt automatic device

logistics(contributes with 5per cent to the overall rating)
criteria are e.g.: transport of new cars by shipgan

make of vehicldcontributes with 17per cent to the overall rafing
criteria are e.g.: expenditure of energy for pradgcthe car, avoidance of usage of environ-
mentally hazardous substances and manufacturirggses, waste prevention, kind of paint-

ing

recycling(contributes with 9per cent to the overall rating)
criteria are e.g.: usage of recycled materialsew nars, usage of renewable raw materials in
new cars

environmental management / eco-audibntributes with 14per cent to the overall rafing
criteria are e.g.: manufacturer’'s perception oflegical and social responsibility, offer of
eco-trainings.

For each criterion within the several categoriesuéhicle will achieve points. The weighting of
the different categories respectively of the ciiteraries. A certificate will be awarded, if the
total scoring results in more than 90 per cenhefdverall points.

i Ty
Auto-Umwelt-
Zertifikat

Kraftstoffverbrauch:
Abgasem ssionea:
Gerduschemissicren:
Praduilitian

LEgistik;

Recycling

LI My LT e B TR E T L

& G O-TREHD INSTITUT 2007

Fig. 3.3.2.3-1 German Auto-Umwelt-Zertifikat, Oko-Trend approach
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3.3.24. J.D. POWER

The J.D. Power Green Efficiency Rating (a 5-stéingd [35F is based on abAutomotive Envi-
ronmental Index (AEP, which combines information from the Environmentfotection
Agency (EPA) and consumers data (voice-of-the-eustd concerning fuel economy, air pollu-
tion and greenhouse gases. The top 30 environithemitandly vehicles are listed.

3.3.2.5.  ENVIRONMENTAL TRANSPORT ASSOCIATION (UK)

The Environmental Transport Association (ETA) [36ffers an annudCar Buyers’ Guide

The Guide ranks the best cars in each class (Suge®mall Family, Small MPV, City, Large
Family, Sports, Executive, MPV, Off road and LuxXmhe top 10 cars overall and the ten worst
cars overall. The ETA 5-star-rating is based anftittors power (engine capacity), emissions
(CO, HC, NQ, PM and CQ), fuel consumption (urban cold cycle) and noise.

Furthermore there are top 10 lists for cars with liwest/highest COemissions and for cars
with the lowest / highest fuel costs available. Tésult of each car is also displayed.

3.4 GREEN MANUFACTURING

‘Green Manufacturing’ in this context can be bestaibed as ‘sustainable manufacturing’
Can be viewed as:
1. manufacturing a ‘green’ = sustainable product s ihithan linked to eco-innovation
2. the manufacturing itself should be ‘green’ = a aimgtble plant
In our view, green manufacturing is both: produangreen product in a green plant.

Several stakeholders indicate that the business foaggreen manufacturing should first be es-
tablished, the economic framework, base on a nuwigossible policy instruments, such as:
- norms & standards,
- taxes & charges
- subsidies & incentives
- trading certificates
- education & training
- public & private partnerships (subsidizing capéapenditures)
- voluntary agreements
- technology transfers
- information, advisory services
- eco-labeling, consumer advise
- green public procurement
- corporate reporting
- environmental management system
These instruments could be reflected in a numberditators.

2 The sources [35] and [36] are examples for thosd &f findings which are providing only some maajimfor-
mation. And with respect to findings in the interiremany cases more precise descriptions abowdghéed rank-
ing method or about the criteria how the assesspfeiie cars is performed are not specified orvtbb-sites or in
the following links related to the starting poifib get more information about the applied rankingthods consid-
erably more effort would be needed and it is neaclf it is worth the effort involved.
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Indicators for sustainable manufacturing:
The concept of “sustainable manufacturing” seemeidcommonly used by European
manufacturers. Some participants considered d¢bter only factory/facility-level proc-
esses. It was shared that clear mapping of theesapplied for particular measurement
is needed when developing sustainable manufacturtigators.
The measurement used at factory/facility level baruseful to compare between facto-
ries/facilities within the same company but isidifft to apply for external benchmarking
due to many factors that influence performanceeré&lwas a suggestion that the OECD
could provide an indicator set for internal mantda@ag process improvement together
with a collecting of best practice examples.
On the other hand, product-based or per-unit (lheblate-level) measurement can be
applied for comparison of performance between can@saand encourage further im-
provement and innovation as far as the common lmeadhmethodology is established
(e.g. EU energy level).
It was shared that LCA is useful for comparing kew old and new products within the
same company but has to be used correctly for medteomparison since its calculation
depends on scope and many other factors (e.g. m@nuhg processes and use materi-
als). However, participants recognised that maeds and pressures for some perform-
ance benchmarking are expected in the near future.
It was also shared that the measurement shoultboas only on C@but also take into
account other environmental aspects, such as eth&sions, chemical use, waste and
energy, with balance.

Eco-innovation for green product manufacturingls®dinked to eco-efficiency.
Eco-efficiency of the manufacturing process (matgroduction + assembly).
Energy, GHG emissions, resource efficiency all dbate to eco-efficiency.

There is a need for a broader view on green matwfag of a green product in a green plant.
One must look at greening the whole value chain.

This is the only way to move to a low carbon stc{a vision the UK government wishes to
follow).

In a recent EC/OECD industry focus group on suatdenmanufacturing and eco-innovation the
following comments where made on the role of gowent and international institutions.

The role of government and the OECD:

- There was a shared concern over the capabilityupplgers for delivering sustainable
components as the supply chain of automotive matwis is very complex. The auto-
motive industry is working to fill this gap, for ample, by developing a guideline for un-
derstanding the EU’s REACH directive. The goveminshould help educate suppliers
and improve their capability from the viewpointafmpetitiveness. A good example of
this kind is the Green Suppliers Network establishg the US Environmental Protection
Agency.

Some patrticipants expressed that certain envirotaheggulations my create unintended
consequences or do not encourage investment irtew@wmologies — e.g. the EU’s Emis-
sion Trading Scheme (ETS) sets the targets of, @Quction at the absolute level and
does not consider different capabilities of comparno make further reduction, while ex-
cluding certain industries from the regulation. other case, there are several regulations
that aim the same objective. They argued thaetieen need to streamline the existing
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regulations and to keep the regulations simplerfeble (“outcome-based”) based on
consistent long-term visions/targets if the goveentnwould like to promote eco-
innovation. The OECD could take a role in thisaare

There was a call for harmonising environmental l&ipns, certifications schemes,
planning regimes and their implementation/enforagnbetween regions and countries as
it will reduce the costs for environmental investintor companies operating in different
countries. The definitions of same basic termigglshould also be harmonised — e.g.
“waste” can be used as new input in another confpaowtry and the current definition
does not encourage reuse and remanufacturing.

It was suggested that eco-innovation can spontafedut makes economic sense. The
government should help companies build up busisasss for investing in innovation
with a longer payback and capital allowance diff¢iggion for green technologies.

It was also pointed out that commitment of top nggmaent is very critical and there is a
need to change their mindsets as they tend to famusnuch on risk avoidance. The
OECD could set a stage for shifting the coursédnefglobal debate — e.g. from € re-
source efficiency.

The government should show examples by themseirstsfor example, by implement-
ing green public procurement more thoroughly. THeCD could start from a mapping
of the current policy instruments for promoting @eoovation and benchmark govern-
mental policies and performance.

The importance of improving consumer awarenessasiy about intangible environ-
mental impact of products and their usage, was @tsphasised in terms of facilitating
sustainable manufacturing and eco-innovations.

It was shared that there is a need to investidegeptocesses by which eco-innovation
happens and is successfully marketed more deptiasoight levers could be identified.
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4. ASPECTS FOR THE DEVELOPMENT OF AN EVALUATION CANEPT (HO-
LISTIC APPROACH)

4.1. EXPLANATORY INTRODUCTION

- [Target groups]

- [Purposes]

- [EFV measures]

Chapter 3 showed a lot of options to define anduet@ vehicles. However it needs to be as-
sessed whether these approaches can be used fevblepment of a holistic evaluation con-
cept. This assessment needs to first define theséen target groups and their purpose(s) in
evaluating whether a vehicle concept can be catlechething close to “environmentally-
friendly” — Considering also the words of cautiomyded by ISO 14021 actually prohibiting
this terminology in claims it is indispensable teeck whether all relevant environmental aspects
are considered — or not (see chapter 4.2.1).

The target groups are important to assess whethegthod is suitable from their perspective.
Therefore, chapter 4.4 tries to identdyengthsweaknessegpportunities andhreats (SWOT)
looking from their perspective. These target groapes also defining the purposes why vehicle
should be differentiated between “environmentaligrfdly” ones and those being not “environ-
mentally friendly”. The following potential targgroups could be identified together with their
purposes:

Potential target groupsPurpose Comment Covered?|
Supra-national andRegulations, fiscal systems Regulations already | No

national governmental place, specific for certaip

bodies governments aspects (emissions, waste),

might form the basis for
EFV definition but not the
other way around.
Information systems for e.g.Requires comprehensiveres
public and private procure-information to assess fu
ment ture and current vehicle

models. Specific vehicle
variant is less important.
Road charging, access 1efoo dependent on localNo
strictions conditions; better directly
referring to existing regu
lations. No harmonisation
of local aspects possible.

Customers Information systems foRequires easy understand¥es
purchasing decisions able information for a cur-
rently offered specific ver
hicle variant.
Automotive industry | Design specifications Already vadable (see No

chapter 3.2.2.4 — very sp
cific for each model. Each
manufacturer needs {o
look for a competitive ad

[92)
1
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Potential target groupsPurpose Comment Covered?|

vantage resulting in differ
ent strategies and ap-
proaches harmonisatior
of designs not reasonable

- In afirst step it will be analysed what environrt@raspects (4.2.1.) are covered by the dif-
ferent regulations, concepts and tools providechiapter 3.

- Additionally the tool evaluation criteria (4.2.2vjll help to describe the dimensions and ap-
plicability of regulations, concepts and tools.

- In a second step the SWOT analysis is used folyaegulations, concepts and tools to de-
velop a basis for the final feasibility assessment.

4.2. CRITERIA
4.2.1. POSSIBLE ENVIRONMENTAL ASPECTS COVERED

- Air emissions: CQ
- Air emissions: regulated pollutants
- Air emissions: other GHG
- Other pollutants: water (yes/no);
- Other pollutants (e.g. waste streams): land (y@s/no
- Use of:
materials/resources (recycled, renewable, non-rabk)
energy resources (e.g. fossil fuels);
water;
land;
- Recyclability;
- Toxics (health effects);
- Noise;
- EMC;
- Effects on biodiversity and sustainability.
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4.2.2. TOOL EVALUATION CRITERIA

- Data (regional / worldwide):
Availability of data;
Quiality of data;
Data is available to whom? Can data be ensureabtelof good quality at world/regional
level?
Frequency of data updating;
- System boundaries (to the point, solely):
- Tallpipe;
Usage of vehicle; (incl. evap emissions etc.);
means all inputs (e.g. fuel consumption) and emissivhich are caused during the usage
of the vehicle (excluding production and disposé@lje production of energy for moving
the vehicle in service (e.g. fuel production) ismally also included.
Production (vehicle, spare parts, fuel, other niaitgr
means all processes from the extraction of raw maddeor energy resources respectively
the growth of renewable materials to the matepalt production and final vehicle as-
sembly including all good transport processes betvibese processes.
End-of-Vehicle-Life;
means all processes from the pre-treatment of titedtLife Vehicle (ELV) to the
shredding and post-shredder treatment. It inclideprocesses for recycling, (energy)
recovery and disposal of the various fractions.
Holistic (lifecycle & integrated approach);
- Appllcatlon
For specific vehicles;
(Specific vehicle is a variant of a vehicle moddiere the engine, body style, option
package is defined)
Vehicle categories
Vehicle model (e.g. Opel Astra, VW Golf, Ford FeesPeugeot 308...)
current vehicle technology;
future vehicle technology;
other parts/systems (e.g. MAC's, tyres, GSI, TPMS,
interface: surface, infrastructure;
- Evaluatlon context:
global environmentally impacts;
local environmentally impacts;
short term impacts;
mid term impacts;
long term impacts;
absolute versus segment-based evaluation
(Method provides an evaluation based on an absotigegment-based (relative) scale.
An absolute scale would result for example in ‘4®88 energy use’ while a segment-
based result would refer that to the vehicle segnmestating e.g. ‘3 % lower energy use
than average mid-sized cars in India’).
- Effort for application:
- Time/cost;
Self declaration, independent 3rd party review;
User expertise;
Communication;
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- [Comparability (world-wide, approach, credible):

Data;

Results;

Environmental priorities in different world areas:
The assessment of the described regulations/sts@ection 3.1.) and existing concepts (sec-
tion 3.2.) will be based upon these criteria.
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4.3. SWOT ANALYSIS FOR REGULATIONS AND STANDARDS

In this table the ,regulations and standards, cptscand tools” are compared to different crite-
ria, which are evaluated by using a colour scheffiee criteria were grouped to certain topics
(,Environmental aspects covered®, ,Data“, ,Systemubdaries”, ,Application”, “Evaluation
context” und ,Effort for application®).

Some of the ,regulations and standards, concemtsaots” are combined concepts (e.g. “Green
vehicles” and “vehicle rankings”) which consistsaveral concepts.

To evaluate the ,regulations and standards, coaaam tools” there are different colours avail-
able.

The colour green, respectivelyés’ means, that the ,regulations and standards, quacand
tools* fulfil the conditions which are listed undére groups ,Environmental aspects covered®,
»System boundaries” and “Evaluation context. Redpectively ho” means, that the criteria
were not fulfilled.

To assign the colour yellow, respective'y * " there are two options.

Example 1: One can use yellow if not all of theesta have been achieved. This case one see at
»Recycling and substance restrictions* and ,Usenaterials“, because there are only a few ma-
terials considered but e.g. not renewable materials

Example 2: One can use yellow to differentiate ¢benbined concepts (e.g. ,Green vehicles*
and ,vehicle rankings®). If there’s a criteria the.considered only by one concept (China Green
vehicles for example uniquely considers the catéNoise”) so the field has to set on yellow.
The criteria group “data” is divided intadiv/regional” and “high/worldwide” instead of yes
and no. Low means in this case, that the ,reguiatiand standards, concepts and tools” insuffi-
ciently fulfil the conditions of the criteria groddata” or if this does not apply on a global scale
An example is the lack of LCA data for each regiothe world that would be important looking
at the global supply chains in the automotive gectdigh means, that the criteria are fulfilled
sufficiently. An example is the data availabilfty recyclability based on the International Ma-
terial Data System (IMDS). There is also the dubsi to choose " if for example the
quality of data for LCAs or WtW is for some procesgood and for others less adequate.

The group "Application" was divided intapplied” and ‘hot applied”’, in which the "regula-
tions and standards, concepts and tools" are aftf@icable or not applicable to the single crite-
ria. For example, vehicle rating systems are nbynmat applied to future vehicle technologies
while recycling and substance restrictions coveo &liture technologies.

In the last group ,Effort for application“ one cahoose between 5 different colouvgify high,
high, , , very low), to evaluate the ,regulations and standards, eygiscand tools” on
the basis of the single criteria. The differembiatin more ratings than for the other groups is
necessary to better understand the substantiarelifte in effort decreasing e.g. from LCAs
(highest effort) to WtW (considerably high effortgcyclability calculations to easier vehicle
ranking approaches.
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Based on the definition given in chapter 2.8. ard legulations and standards are analyzed:

regulations and standards, concepts and tools

Data from chapter 4.2.1

CO, regualtions, fuel economy (MAC, CAFE)
Green vehicles (EPA, Australien, China, Sweden)
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Environmental aspects coveredno - -
yes

Air emissions:CO2

Air emissions: regulated pollutants
Air emissions: other GHG
other pollutants: water (yes/no)

other pollutants (e.g. waste streams): land
(yes/no)

Use of materials/resources (recycled, renewal
non-renewable)

Use of energy resources ( e.g. fossil fuels)

Use of water

Use of land

Recyclability
Toxics (health effects)
Noise

EMC

Effects on biodiversity and substainability

* method currently not suitable
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regulations and standards, concepts and tools

Data from chapter 4.2.2

CO, regualtions, fuel economy (MAC, CAFE)
Green vehicles (EPA, Australien, China, Sweden)
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green manufacturing

Data: low/regional - - high/worldwide

Availability of data regional

Quality of data regional

Frequency of data updating regional

Availability of data worldwide

Quality of data worldwide

Frequency of data updating worldwide

System boundariesno - -yes

Tailpipe

Usage of vehicle (incl. evap emission etc.)

Production (vehicle, spare parts, fuel, other m; .

rials)

Recycling -

Holistic (lifecycle & integrated approach) -

Application: not applied - - applied -------------

For specific vehicles

A generic vehicle application

Vehicle model

current vehicle technology

future vehicle technology

other parts/systems (e.g. MAC’s, tyres, GSI,
TPMS, ..)

interface: surface, infrastructure

Evaluation context: no - -yes

global environmentally impacts

local environmentally impacts

short term environmenrtal impacts

mid term impacts

long term environmenrtal impacts

Segment-based

Effort for application: very high (--) high (-)
(0) 0 () very low (++)

Time/cost

Self declaration, independend 3rd party revie

User expertise

Communication
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4.4. SWOT ANALYSIS FOR EXISTING EVALUATION CONCEPTS

OICA [37] submitted a paper how to analyse theeddht approaches concerning the assessment
of EFV. The conceptual idea of OICA rests upondbealled SWOT analysis. The idea of this
conception depends on the four issuggength, WeaknessOpportunity andThreat which
should be taken into consideration when variousaghes with regard to the assessment of the
environmental friendliness of vehicles are analysed

Different evaluation methods (life-cycle assessmevdll-to-wheel analysis, CO regulation
reference, environmental rankings, green vehiatgfication) from the table in chapter 4.3. will
be investigated and analysed by means of the SWé&iadology.

It is necessary to clarify the target group of &VEoncept when defining whether something is
a strength or a weakness. For example, a veryidiasive method resulting in complex figures
might be appropriate and thus a strength for egpehile consumers would prefer an EFV con-
cept that is intuitively understandable. At the nemmnthe fundamental discussion about the tar-
get groups (governments, industry, consumers) @ftraluation concept and the allocated pur-
poses isn't finalized. But the conclusions of thistussion is needed as basis to perform the
SWOT analysis. Based on the decision of GRPE iniagn2009 it is assumed that either gov-
ernments and/or consumers could be the target grbap EFV concept looking for an informa-
tion system.

1) COy-regulations:

Strength In line with current regulations. Adresses oneh& most important environ-
mental indicators (climate protection).
Weakness No EFV definition in itself. Focus of only one erasmmental aspect (climate

protection). Other item e.g. local air quality ag addressed.
Opportunity Third party certification possible. Can be easdged to othemethods.
ThreatDiscussion about environmental protection coulddmiiced to one aspect (climate pro-
tection) and other important aspects such as kicaluality will be not addressed properly.

2) Well to wheel approach:

Strength In Europe accepted approach.
Weakness No EFV definition in itself / delivers only dataahcan be used for EFV defi-
nitions.

High effort for execution / update.
Environmental discussion is reduced to one sipglameter (Energy/GHG).
Well-to-wheel analysis deal with different fueltmms instead of EFVs.
Data only available on a regional level and fanayé vehicle applications.
Data based on scenarios relevant to Europe in @@d®eyond.

Opportunity Other environmental aspects such as emissionsecarndgrated.
Streamlined Life-cycle Approach (only fuel chasnadditionally considered).
Third party certification possible.

Threat High additional expenditure for the inclusion ofiet environmental aspects.
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3) ECO Ranking by Consumer associations (e.g. Okor@nd, VCD):

Strength

Weakness

Opportunity
Threat

Easy to establish and third party verification.

Top Ten results / Labeling.

Methods with more than G@nd emission standards.

Multi Criteria / impact category approach with guesable “scientific” ap-
proved weighting.

Criteria with less benefit for environment areluaed, but no WTW / lifecy-
cle-data.

WTW and other items can be included.

Due to non-suitable and non-scientific method changriteria and weight-
ings over time confuse customer, moving development targets.

4) Regulated Pollutants:

Strength

Weakness

Opportunity

Threat

Based on existing regional standards and testadsta third party verifica-
tion can be done easy to communicate.

Currently not worldwide harmonized.

Substantial regional differences in e.g. fuel gyamarket specifics, test pro-
cedures, in-use issues, effective time to be takeraccount.

Future vehicles cannot be assessed as real testiegded.

Covering only limited pollutant issue — thus natand-alone suitable to de-
fine an EFV.

Support world-wide harmonization of test cycled @rocedures based on
common fuel quality.

Synergetic effects with type approval.

Complex interactions with other emission sources @mospheric chemistry
with respect to cause-effect studies. Differentiaegl focus of legislation.
Environmental and other NGO’s may favour only der&tandards with mas-
sive technology implications.

5) Vehicle Interior Air Quality:

Strength

Weakness

Opportunity
Threat

Based on existing standards and test methodscaghity verification can be
done resulting in labels used also in other sed@ig textiles, TUeV TOX-

PROOF). easyto communicate.

Addressing a consumer health issue.

Currently not worldwide harmonized.

Complex, time consuming and costly testing requaed data are only partly
readily available.

Covering only consumer health issue — thus na atand-alone suitable to
define an EFV.

Future vehicles cannot be really assessed atestalg is needed.

Can be easily added to othmethods.

Toxicity is an evolving topic with steadily increag knowledge about the
impact of substances. In addition, the real consumealth impact is highly

dependent on ventilation, vehicle age and othetofacnot constant during
vehicle life.
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6) Life Cycle Assessment:

Strength

Weakness

Opportunity
Threat

Already world-wide harmonized standard (1SO14040/44

Comprehensive method covering many important enuiental aspects
along the whole life cycle (more than WtW).

No EFV definition in itself / delivers only dataahcan be used for EFV defi-
nitions.

Very high effort for execution / update.

Interpretation of LCAs only possible by LCA expejtidging details of used
approach, data quality and resultsno EFV concept for consumers. Ques-
tionable whether suitable for general governmemaies (only where experts
available)

Often not including infrastructure and integrasgubroach items.

Data only available on a regional level and faneyéc vehicle applications.
Complex database needed that is not globally @il

Certain environmental aspects are not coverednima@propriate way (e.g.
toxicity, noise, ...).

Results for the identical vehicle will be diffetetiepending on regional as-
sumptions (e.g. for electric vehicles with differexectricity grids in India
compared to Europe or US).

Third party review to ensure credibility

Complexity of method will confuse customer who mnsequence would ig-
nore the results.

7) Fuel regulations:

Strength

Weakness

Opportunity

In Europe regulation of fuel quality is an accepapg@roach to define certain
fuel parameters that are health and environmentalited. Regulations in
many, but not all, world areas follow the exami&b regulations. Interna-
tional standards are also defined in different doglgions for traditional hy-
drocarbon fuels and also for biofuels for the gyaif the final blend and also
the quality of the blending bio-components. In d&ds, the fuel characteris-
tics are defined as performance parameters.

In the EU, the issue of lifecycle GHG emissions aunstainability will be in-
cluded in the new (2009) fuel quality directive ahd directive on the pro-
motion of renewable energy use. Default valuedifiecycle GHG emissions
and WTW data is laid down in EU legislation andlw# revised in the future
as better data is made available.

While the EU defines certain fuel parameters adogrtb their health and
environmental impact, not all world regions folltmat method. Many coun-
tries or regions set parameters just as performspeeifications (i.e. limits
that may be practical to achieve by ‘nationalisaitirefining industry).

Market fuel quality data and the monitoring of ketrfuel quality are good in
developed markets but not so good in developingetsr

Fuel quality regulations do not provide an EFV digion in itself -fuel qual-
ity regulation provides data that can be used ppstt the application of an
EFV concept.

Support world-wide recommendations (or regulatidos)market fuel quality
matched to the application of emission standards.
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Threat

Common fuel quality enhances application of a dravide (or regional) EFV
concept.

Strengthen vehicle requirements for fully compatitiofuels and future fuel
quality, i.e. second generation biofuel producpathways.

Streamlined WTW approach including the fuel prdgucand distribution
chain.

Monitoring of market fuel quality and third-partertification of fuel quality.
National fuel refiners have a big say in politidakisions and consequential
refinery investment for cleaner fuels.

Environmental and other NGOs may favour only ¢ertdomass pathways.
Other national and regional policies, e.g. trade agriculture, will have a
high political impact on fuel regulations.

8) Green vehicle certification (EPA, Australia, China,Sweden):

Strength

Weakness

Opportunity

Threat

Transparent, understandable and easy to establish.

Mainly criteria that are anyhow in the developmiecus, legal base.
Relating to existing regulations i.e. harmonizedhvand supporting legisla-
tion.

All depending on criteria selection, limit values.

Adoption to regional conditions further market fragmentation.
Development efforts on issues out of customer f¢ElLY RRR rates).

If EFV definition can be globally agreed on theibax legislation this could
foster a global harmonization of legislation.

Different schemes create market fragmentation.

9) Recyclability/Recoverability:

Strength

Weakness

Opportunity

Threat

Calculation is based on world wide harmonized 1$&hdard (ISO 22628).
The evaluation of the recyclability/recoverabilguotas is part of the vehicle
type approval in Europe (2005/64/EG), other regimtisw with similar con-
cepts (China, Korea).

It takes design and material properties of newcke$ into consideration and
is based on proven recycling technologies.

Easy to communicate.

No EFV definition in itself / delivers only dathdt can be used for EFV defi-
nitions.

It can not reflect the physical processes that acliually be applied to the
road vehicles reaching the end of their life.

High effort for execution/update but no significadifferences in the envi-
ronmental performance of different recycling/reagviechnology variations.
Can be easily added to othmethods suitable for an information system
for both target groups (customer and governments).

Design for Recycling options might be contradicttmyother environmental
strategies (lightweight design, etc.).
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10) ELV Recycling and substance restrictions:

Strength

Weakness

Opportunity

Threat

ELV directive in Europe (2000/53/EC) as an accepgdroach to improve
recycling and dismantling standards, to preventtevé®m vehicles and to
limit the use of hazardous substances in vehicles.

Regulations in many, but not all, world areas fellthe example of EU regu-
lations.

No competitive feature for an EFV definition becawsl vehicles have to
comply with legal requirements (e.g. heavy metal)ba

Restricted substances within ELV regulation intehtteavoid the disposal of
hazardous waste, however on a world-wide and ifeliclycle scale additional
national and international regulations for substasnoeed to be considered
(chemical law, REACH, etc.).

Increase quantity of recycled material in vehidesl other products, in order
to develop the markets for recycled materials,resmossible aspect for an in-
formation system.

Complexity of approaches for different industry gwots with different ex-
emptions (E/E, vehicle, etc.) will confuse customer

11) Noise regulation related to vehicles:

Strength

Weakness

Opportunity

Threat

Outdoor noise recognized as a source of pollutfom wehicle, everywhere in

the world.

Nor global nor long term environmental impacts @i$¢ on earth sustainabil-
ity.

To improve the global noise performance, noise leggun on vehicles is not

sufficient. It should also involve other stakehaklsuch as: tyres manufactur-
ers, roads and pavements builders, roads and pat®hecision makers, in-

frastructure and city managers, ..).

High effort for execution related to data update.

Data only available on a regional level.

To reveal some cars with a low level of externatad?), but in contradiction

with the recent request from the blind associat@sisng for minimum noise

level of cars for the pedestrians safety....

High workload and costs for car manufacturers éov benefits on the global

environmental impact.

12) Top-runner approach:

Strength

Weakness

Accepted approach in Japan.

Top runner approach sets energy efficiency targets.

Involvement of industry in target setting.

Not world-wide harmonized.

No consideration of cost-efficiency.

Compliance with the target is assessed no on ptdduproduct basis, but on
a weighted-average basis.

Lack of sufficient data in absolute terms such wngjtative information on
energy saving achievements. Actual energy usedmsasiwell as the aggre-
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Opportunity

Threat

gated energy saving effects are not addressedefbiner a detailed and quan-
titative impact analysis is not possible.

Moving performance targets leading to confusionciestomers.

Elaborate procedures for setting standards basddmanese tradition of close
cooperation between industry and government. Uaitelitsuch is achievable
in other cultures.

Name- and shame-sanctions only effective in Japan.

Top-runner approach only encourages incrementhahteal improvements,
while innovations receive no incentives under fuseme.

Short-term update of top-runner targets agains ttonsuming standards
setting.

Continuous definition update depending on localunmstances will lead to
fragmentation.

Setting targets for a wide range of complex proslwath many characteristics
can be an administrative burden.

Top runner requirements could be unfavourably dekeaserade restrictions
in breach of WTO.

Negative effect on consumer prices: moving targesslt in shorter lifetimes
limiting cost distribution of number of vehiclesdam time.

13) Green Manufacturing:

Strength

Weakness

Opportunity

Threat

Environmental impact categories exist.

Legislative requirements for environmental aspects.

Accepted approach to improve performance.

Positive impact of product life cycle.

Positive impact on emission cap & trade.

Not clearly defined, scope can be different.

Difficult to compare performances with other plamsame sector.

No direct link (yet) to the type of vehicle beingpduced/assembled on the
site.

Additional green investments have longer ROI.

To further reduce environmental impact.

Linked to potential operational cost reductionsosteefficiency.

Image of company can be approved through commuoicat

Support zero-carbon strategy.

Decouple green investments from normal capital edjperes — look at net
present value.

‘Green-washing’.

Does the consumer care? If not, why invest, i cdsost-disadvantage?
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5. ASSESSMENT OF FEASIBILITY TO INTRODUCE AN EVALUAON CON-
CEPT UNDER THE FRAMEWORK OF WP.29

For an assessment of different EFV-concepts ieessary to define the target group (fleet cus-
tomers, private customers, NGOs, public procuremetgrested public).

As one of the major decisions based on the GRP&uskson, this concept can not be a new
regulation in particular for the type approval bétvehicles. This concept will be based on ex-
isting regulations related to environmental matters

The environmental profile of a vehicle would be dzh#n theory on all indicators mentioned in
chapter 4 (all types of emissions to air, use ofemias/water/resources/substances etc.).

However, the different indicators are quite divarsl difficult to capture in a one-size fits all
approach. For example, whereas greenhouse gasi@msior material use are addressing the
global effect climate change and resource deplgetianother indicators are addressing regional
or even specific local effects. Even more, theee fandamental temporal differences within
even one indicator. For example, looking at tleeteicity generation for an electric vehicle even
the well-to-wheel C@ emission differ between regions (e.g. capturedhatr in an Emission
Trade Scheme avoiding an increase i, @@issions, change in E-Mix over time). This means
that the same vehicle driving around a region aveertain time will have a continuously chang-
ing environmental profile. This makes a robusirdgbdn of an EFV impossible.

The environmental performance of a vehicle woulddhto be evaluated differently depending
on the local and temporal environmental conditioksy. the emission standard of a vehicle in a
mega-city has another relevance than in areasawgry low load of air pollutants.

The aggregation of different environmental aspézta single score is not at all recommended
due to the fact that environmental indicators havee interpreted based on the local or temporal
situation and there is no scientifically / techhicatification for a set of weighting factors. sa

a flexible approach allowing regional modificatiavithin a range of globally harmonized
weighting factors is not feasible as this could mkeal adjustment factors almost continuously
changing over time, different from town or areaatwther leading to lot of confusion and miss-
ing stability for any applications.

In consequence, single scores for defining EFV4 sit be used for comparative assertions
according to 1S0O14040 [9, 38] as well as the téemvironmentally friendl shall not be used

according to ISO 14021.

The reason for this ISO rule is that ‘environmdgtéiendly’ is a very comprehensive and bold
statement that is not likely to be justifiable laak at all the indicators mentioned in chapter 4.
It might be the case that e.g. a vehicle has IdW@y emissions than another vehicle during its
life-time, regarding local air quality. Howeveenvironment’ is much more than N@®missions
and need to take into consideration also othevaeleitems as for example G@&missions, other
Greenhouse gas emissions, recycling and end-ofréBgment, noise emissions, hazardous sub-
stances....

In consequence, a vehicle having lower ;C€nissions might be identified as a low4£0
emission-vehicle but not necessarily “environméntiendly”. ISO requires a specific defini-
tion/wording, not a misleading terminology.
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In this feasibility study different concepts andthuelologies (as the SWOT analysis) to evaluate
the environmental performance of vehicle were arely None of the methods of concepts is
able to assess and evaluate the environmentalrpeni@e on a global harmonized level due to
the following reasons:

An aggregation of different environmental aspecta single score is based on subjective
weightings that would lead to arbitrary and comnfigsthanges in definitions.

The environmental profile of a product has to lderpreted always on the background of
different regional and temporal environmental anstances.

Data for all environmental aspects are not avalabid / or are measured in different
ways depending on the region or regulations/letisia

For discussion following difficulties:

- [Regional and temporal dependence on energy mixs@uaces of energy may change de-
pending on market and other conditions);

- Regional dependence on environmental priorities;

- No regionally-common testing and measurement metfadvehicle emissions, air quality,

- etc] <tobe moved into chapter 4? >

[An EFV assessment tool will only provide a reshkittrequires ‘interpretation’. It does not
decide if a certain vehicle is green or red. Regienvironmental need will dictate what is

needed and what could be a green or red vehicle.

< further input expected >
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